Vol. 189, No. 4764 SATURDAY, FEBRUARY 18, 1961 


CAEI) 
METROVAG 


VACUUM PUMPS 
AND EQUIPMENT 


Booklets detailing the new A.E.I. 
range of ‘Metrovac’ rotary vacuum 
pumps, vacuum gauges, high vacuum 
unions and Kinney pumps are now 
available. 


Contact your local AEI District Office 
or write direct to 


Associated Electrical industries Limited 


instrumentation Division 
SCIENTIFIC APPARATUS & X-RAY DEPARTMENT 


Trafford Park, Manchester, 17 
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A VITAL SERVICE 
BEHIND SUCCESSFUL 
VACUUM PROCESSING 


NATURE 


This unretouched photograph shows the rotors and end plates of two 


after r g for simil periods pumping hydrochloric acid 


and water vapour. The one on the left was run on a straight mineral 


oil and the other on a ‘“‘Speedivac"’ additive-type oil. 


““Speedivac’’ vacuum pump oils are the result of prolonged 
research to obtain the finest lubricating and protecting 
medium to ensure optimum performance under all 
conditions. 

These are mineral or mineral-based oils prepared from 
selected crudes and refined by advanced methods for use in 
high vacuum rotary pumps. Each batch is stringently 
“acceptance-tested"’ before being placed in store in the 
sealed customer packings. 

Grades |7 and 18, used in ‘‘Speedivac’’ gas-ballast pumps, 
contain multi-functional additives which afford an important 
degree of protection against corrosion. 


EDWARDS HIGH VACUUM LTD MANOR ROYAL | CRAWLEY SUSSEX | Crawley ‘S00 | 


INSTANT 
SERVICE 


ANYWHERE IN THE WORLD 


From the world’s most complete inventory of quality 
biochemicals, N.B.Co. offers the speediest delivery any- 
where in the world at economical prices. 


NUTRITIONAL BIOCHEMICALS CORPORATION 


21010 MILES AVENUE 
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Send for our free October, 1960 NBC 
Catalog containing more than 2600 ; 
items. Fill out coupon and mail to- 
day for your copy. 
Name 
Organization 


State Zone 
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CLEVELAND 28, OHIO 
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Are you measuring VI- 
BRATION, EXPAN- 
SION, or DIMEN- 
SIONS OF PLIABLE 
OR INACCESSIBLE 
OBJECTS? 

The most simple and 
economical solution to 
your problem is pos- 
sibly illustrated on this 


page. 


FOR 


MEASURING 


~ 


CAT. NO. 6147 


TWO-DIMENSIONAL 
MEASURING MICROSCOPE 


An extremely accurate method of 
measuring in two horizontal 
directions at once. Range 20 cm, 
x 10cm. Direct reading to better 
than 0.01 mm. Supphed with 
cabinet. 


CAT. NO. 6192 


PRECISION CATHETOMETER 


Range 100 cm. For vertical use 
as a cathetometer or measuring 
microscope. 360° rotation of 
telescope. The heavy levelling 
base is fitted with sensitive levels 


UNIVERSAL 
MEASURING MICROSCOPE 
and CATHETOMETER 


Range 50 cm. Can be used in three different planes 
as a cathetometer (focus: 15” to infinity) or a 
microscope (focus: 14"). 360° rotation on the heavy 
levelling base. Vernier scales read to 0.05 mm. over 
entire range of 50 cm. and 00.1 mm. over any 
selected range of 25 mm. 


MICROSCOPES 


|] UNIVERSAL MEASURING MICROSCOPE 


CAT. NO. 6166 


The NEW Pye range of measuring 
microscopes and cathetometers ts 
designed to cater for numerous 
measuring applications in research 
and industry. Each instrument 
can perform several different 
functions with high accuracy, and 
new design features make opera- 
tion fast and simple. 
Either Metric or English calibra- 
tions can be specified. 
Quality of craftsmanship and 
materials are of the highest stand- 
ard yet careful design has resulted 
in a very competitive price level. 
Please ask us to send you descrip- 
tive leaflets. 
“ACCURACY OF CALIBRATION 
AND ENGRAVING OF THESE 
INSTRUMENTS TO 887” 


AND CATHETOMETER 


Range 30 cm. Very similar to cat. no. 
6166 but fitted with fixed base without 
spirit levels. Supplied with cabinet. 


CAT. NO. 6150 


TELESCOPE MICROSCOPE KIT 


Contains components which 
make up a telescope (focus: 15” 
to intinity) and microscope 
(focus: 14”) fitted with spirit level 
and slow-motion focusing. For 
use with cat. nos. 6164, 6166 


and 6192. 


W. G. PYE & CO. LTD. 


GRANTA WORKS, P.O. BOX 60, CAMBRIDGE, ENGLAND 
Telephone : CAMBRIDGE 58866 (5 lines) Telegrams : PYE CAMBRIDGE 


ate 
| 
| 
| 
| 
| 
| | 4 
SCIENTIFI NSTRUMENTS 
cys 
4 
2 
ates 


February 18, 1961 


For uses such as calibrating equipment for measuring radioiso- 
topes, The Radiochemical Centre offers two ranges: 


1. Solutions of high radioisotopic purity whose activity has been 
established by an absolute method, such as 41 beta counting; 
effective standard deviations are less than 3°... 


The following absolutely standardised solutions are available at fixed 
times of vear 


CAESIUM-137 GOLD-198 SODIL M-22 
CALCIUM-45 IODINE-131 STRONTIUM-89 
CERIUM-141 MERCLURY-203 STRONTILM-90 
CERIUM-144 PHOSPHORL S-32 SULPHUR-35 
COBALT-60 RU THENIUM-100 THULIUM-170 


2. Solutions standardised by comparison with an absolutely 
standardised solution; effective standard deviation less than 5°... 


The following solutions are available either once a month or from stock 


CAESIU M-137 GOLD-198 POTASSIU M-42 
CARBON-14 fODINE-131 SODIL M-24 
COBALT-60 LEAD-210 STRONTIUM-90 


PHOSPHORL 


Please write for complete details and charges. 


Comprehensive catalogues including more than S00 
labelled compounds are available on application. 


AMERSHAM + BUCKINGHAMSHIRE - ENGLAND 


TAS RC 65 
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RESEARCY COMMUNy 
Car 


Opportunity 


for engineering 
and science graduates 


the scientific ¢ vineering side of the Post Office 
ryraduates the most attractive 


US young 
f the service. The current 
and developments 


Today, 
offers ambiti 


ypportunities in the lor Li 

of scientific discovery 
opens the way to careers of 
e unknown even ten years ago. 


rapid advance 
ommuni¢ 


in the field of « ations 
an interest and imy 

There are thirty new vacancies for graduate engineers 

and scientists for work on new projects: 


SOLID STATE PHYSICS SEMICONDUCTORS AND MAGNETICS 
MICROWAVE TRANSMISSIONS BEAM AND WAVEGUIDE 
SPACE RESEARCH COMMUNICATION BY SATELLITE 


TRANSOCEANIC TELEPHONY REPEATERS AND CABLE ROUND THE WORLD 
ELECTRONIC CIRCUITRY AND SWITCHING 


MATHEMATICS AND COMPUTER TECHNOLOGY 


The future is limitless. Graduates (and those in their finals year) 
are invited to write now for full information to: 


T. J. Rees, Engineering Dept. O (Na2), 2-12 Gresham Street, London, E.C.2 
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Are you the polydigital* type ? 


By this* 
who can turn his hand to anything 


, of course, we mean the hind of person 
Sut polydigital 
the 


a career in Courtaulds may well be 


for you 


or not, 
career 

In Courtaulds today there are real opportunities 
for versatile people just as much as there are for 
those who are specialists by nature —for talented 
people of general as well as of technical education 

The reasons for this are simple. Courtaulds is 
no longer a single company concentrating on man- 
made fibres. It 1s an organization of many com- 
panies, active in widely varying fields. 

Some are concerned with fibres, others with 
their finished products such as fabrics and gar- 


ments, others again cover a wide range of products 


paints, plastics, chemicals, wood pulp, ‘Cello- 


phane,’ metal containers and packaging materials 
All these scemingly diverse activities are dovetailed 
into a structure which is a growing force in world 
economics 

Naturally, a group of this size needs many dif- 
ferent kinds of people to run it and 
engineers to carry out research, to develop and to 


Scientists 
produce — and marketing men and administrators 
to organize, to plan and to sell 

If you have a good degree, 
you find a full and interesting 
modern Courtaulds. And you will 
diversity of the organization a powerful added 


or expect to get one, 


may life in the 


also find the 


attraction. 


Courtaulds 


16 St. 


Martin’s-le-Grand, London, 


18, 1961 


MAN-MADE FIBRES CHEMICALS - ENGINEERING - PACKAGING - PAINT - PLASTICS - TYRE CORD - FABRICS - WOOD PULP 
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Maid of atl work! A fine 
«...if youwant instrument, 
t ject 
the 
PHOTOGRAPHS 
| 
MODELS 
FILM STRIPS 


& SLIDES 


... here’s 
your answer 


EPIVISOR ... 


This versatile instrument proiects greatly enlarged, perfectly 
defined images of flat and solid objects, as well as film strips 
and slides. Full details on request, with name of nearest 
dealer who will be pleased to demonstrate. 


NEVILLE BROWN & CO. LTD. 77 Newman Street, London, W.! 


The ‘Service’ is to-day’s finest student 


33 | laboratory microscope. It has simplicity, 
3 | allied with the highest quality—in fact 
BE i a fine example of the Watson Standard. 
TEST SIEVES 3 | It is built for a lifetime of constant use. 
/ : i There is a comprehensive range of 
For Accuracy: i accessories designed to make the 
HH ‘Service’ suitable for more complex 
work. See the Watson ‘Service’ be:ore 
you make your decision. Write to us 
for full descriptive literature, or arrange 
an appointment with one of our 
representatives. 


“ENDROCK’ 
TEST SIEVE 


Since 1837 Watsons have been making 
fine optical instruments to the highest 
possible standard—the ‘Watson 
Standard.’ 


TEST SIEVES 
Y B.S. 410: 43 U.S. Standards 


and Tyler Equivalents W / | S( ) 


We operate a Recovering Service 


istent mechanical action 
saves valuable time of skilled personnel 


AJ 
ENDECOTTS (FILTERS) LTD. Phone: LiBerty 8121/2/3 W. Watson & Son Ltd. 
Dept. B Lombard Rd., London, $.W.19. Grams: Endfilt, London Barnet, Herts. 
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1 SECOND IN 6 
on a 200g balance. S 
sion balance. That's 


built for speed and accuracy. 


GREATER EASE OF USE 


A large accessible pan space —dual release at bench level--countet 
indicator for weights adjacent to graticule screen at base of 


balance. 


GREATER WEIGHING SPEEDS 


Both hands can be used—-partial release switch eliminates slow 
starting—convenient banking of colour-marked weight loading 


dials. 


Synthetic Sapphire ( 


STANTON IN 


Reed Trade Mark 


world standards of mass, turn to Stanton for their precision balances and weights. 


That is why the 


“*ULTRAMATIC”? BALANCE 
has achieved its success 


Completely new, this latest Stanton achievement has all the good 
looks and performance of a precision instrument. Streamline- 


INCOMPARABLE RELIABILITY 


Applied load of —— dependability—fitted with Stanton 

“orundum) Planes, agate arrestment bearings 
and knife guards—stainless steel weights—Class ‘ A’ adjustment. 
Dial weight loading up to 200 grammes. 


STANTON 


YEARS corresponds to a Standard Deviation of | microgramme 
uch is the remarkable accuracy attained on a Stanton High Preci- 
why the laboratories in 5 continents, charged with maintaining the 


Balances 


STRUMENTS LTD . 119 OXFORD STREET . LONDON W 1 
Telephone: Gerrard 7533 * Cables: Stanbal London 


ocxii 
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a versatile, economic and 


ready supply cold 


down to minus 200°C 


UNIVERSAL COOLING 
PLANT PLA 107 - The Philips 
PLA 107 is a gas liquefier with 
an average output of 7.5 litres 
per hour, when used as air- 
liquefier, available immedia 
tely after starting-up. It attains 
temperatures from room tem- 
perature down to minus 200 
C at atmospheric pressure in a 
single stage. Cooling system 
and production cycle are com- 
pletely separated; the high 
purity of the product is in no 
case influenced by moving 
machine parts. The Philips 
PLA 107 is self-contained with 
all-in-one construction, smal! 
dimensions and low weight 
It is delivered ready for instal- 
lation,s and incorporates full 
safeguards against any failure 


The plant ts delivered with o standard cold exchanger head; 
other heads are available on request in order to operate the 
machine (at atmospheric pressure) for 

LIQUEFACTION OF REFLUX, when used with Fractionating 
Column for the production of liquid nitrogen at a rate of 65 
litres/h 

COLD SOURCE for the Cold Box ECB 380 for general cold 
treatment and environmental testing down to minus 180° C at 
a capacity of 380 litres/h 

OTHER UNIVERSAL COOLING MACHINES with capacities up 
to 36,000 kcal/h at minus 195°C or 70,000 kcal/h at minus 


PHILIPS 
CRYOGENERATORS 


N.V. PHILIPS’ GLOEILAMPENFABRIEKEN - EINDHOVEN - HOLLAND 
Sole distributors and advisory service for the U.K.: Research & Control in- 
struments Ltd, Instrument House; 207/215, King’s Cross Road, London WC1 
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STABILISED 


MAINS UNIT 


PROV. PATENT 13512/54 


This Unit was developed to meet the 
demand for an alternative source of 
supply for the SPS00 Spectrophotometer, 
thereby replacing the heavy capacity 
batteries which have previously been 


essential to give satisfactory operation. 


February 18, 


for use with 


UNICAM SP500 
SPECTROPHOTOMETER 


CAT. NO. E 1151 


Delivery Stock 


The degree of stability obtained is such 
that the readings of the Spectrophoto- 
meter are not affected by variations of 
+ 50°, in the supply voltage, and are 
also independent of the frequency 
changes. 

Dimensions: 17} in. x 9} in. » 9 in. 
Weight: 344 Ib 


WRITE NOW FOR FULL DETAILS QORABS 


VEMBER OF THE DERRITRON GROUP 
24 UPPER BROOK STREET, MAYFAIR, LONDON, W.1 Tel: HYDE PARK 2291 
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| 
= “ESCORUBBER” RUBBER 
and SILICONE RUBBER 


“E.R.L.” HOLDERS 
for TEST BOTTLE CAP LINERS 


“ESCORUBBER” RUBBER 

RUBBER 
AMPOULES, BOTTLES, etc. 
Made in many standard sizes 


PLASTIC BUNGS 
in 8s th n bieck synthetic rubbe 
ast or softer red organic rubbe or to specification 


ities and many sizes 


SILICONE RUBBER 
BING 


PLASTIC TUBING 
“ESCORUBBER" 
Tu 


non-toxic for Blood Transfusion, 
flexible lent fi neral 
for general Non-toxic, translucent, will withstand 
Ous chemic 
micas, temperatures up to 200/250°C. 


tal work, mil 
hot water, etc. 


PLASTIC TUBING ka, 
trans- \ \ 
AA 


Semi-elastic, non-toxi 
lu rent, steri/izabie at 120 
nt for various food- “ESCORUBBER"” RUBBER and 

many other SILICONE RUBBER SHEETS 
Made in various qualities and 


ospital anc 
t nd In sets of 6 at 22s. 6d. per set many sizes 


pplications 


is. 


“E RL.” SILICONE RUBBER 
COVERED MAGNETS for 
MAGNETIC STIRRING RUBBER and RUBBER PIPETTE TEATS 
SILICONE RUBBER RINGS, SLEEVES 
and GASKETS Extra heavy, in 7 colours for 
Several standard sizes or made to identification purposes 
approx. 25 and Sc.c. 


specification 


“ESCORUBBER" CLOSURES 
for BLOOD and SALINE 
SOLUTION BOTTLES “ESCOPLASTIC” PLASTIC 
Ref. No. P2—made in high PIPETTE TEATS 
“E.R.L.”’ DISPOSABLE PLASTIC quality rubber, and and with remarkable resistan 
extensively by many well- many chemicals 
Size No. | @ 60/- per gross 


BLOOD and SALINE 
TRANSFUSION SETS known hospitals 
Size No.2 75/- 


ompetitive prices 


Advanced designs at c 


“ESCOPLASTIC” 


DISPOSABLE INJECTION 
APPLICATORS 


“E.R.L.” APRON RUBBER For effective and inexpensive 

BUNGS “E.RL.'52" “ROUX” injection of small volumes 

Designed for use with of liquids 
infectious materials Specially selected for high standard 
tissue culture work 


ESCO (RUBBER) LTD. 


Silicone Rubber and Plastic Products 


* LONDON N.16 


Manufacturers of Rubber, 


34 36, SOMERFORD GROVE 
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VACUUM TECHNIQUES 


There are many different methods of leak detection but none, 
we think, can compare with our Halogen Leak Detector. Precise 
location of leaks down to 10 * lusecs 


For full details write to 


LEYBOLD-ELLIOTT LTD., 


MANOR WAY, BOREHAMWOOD, HERTS 


haw. ry 0 89 2 
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SP 100 


Infrared Spectrophotometer 


is the complete answer to the most exacting demands of present day analysis 


a passage to Holland.. 


UNICAM INSTRUMENTS LIMITED - ARBURY WORKS - CAMBRIDGE - ENGLAND 


February 18, 1961 


.. Or it could well have been 


Basle, Capetown, Manchester, 


Melbourne, Uppsala or Trail 
B.C. 
In Universities and Industria) 


Research Laboratories the 


world over the SProo Infrared 


Vacuum Spectrophotometer 
is providing a combination of 


high resolution,extreme quan- 


titative accuracy, speed and 


reliability otherwise unobtain- 


able in one instrument. 
Write for the comprehensive 


brochure giving full details of 


this remarkable, versatile and 


powerful spectroscopic tool. 


(U.201) 
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Bocet . and Dr. 8. Walker 
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CHAPMAN & HALL 


* Ready 27 February * 
SELECTED PAPERS ON 


STRESS ANALYSIS 


Presented at the Institute of Physics 
Stress Analysis Group Conference—Delft 1959 
Altogether 51 papers were discussed at the conference. In this volume, 18 papers are printed 
in the forms in which they were presented and in their original languages, together with 
summaries in the three languages of the conference. An English résumé has been prepared 
of the remaining 33 papers. This is followed by a list of titles and authors with their addresses, 
so that further information on the topics covered by the résumé can be obtained from the 
authors Illustrated. SOs. net 


* 
A new Translation from the Russian 


THE STRUCTURE OF GLASS 


(Volume Two) 


Proceedings of the Third All-Union Conference on the Glassy State, 
Leningrad, November 1959 
This volume presents a complete account of research work on the glassy state since the previous 
conference in 1953. The most modern optical, spectroscopic, and electrical techniques were 
used in studying the structure of glass in all its aspects, and the results are interpreted in the 
light of modern physical theories of the solid state. Illustrated. 200s. net 
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UNIVERSITY ADMINISTRATION IN GREAT BRITAIN 


- its recent policy statement “Science and Educa- 
Workers 


contact 


tion’*, the Association of Scientific 


lack of 


industrial 


to-day & 
the 


Organi 


that there 1s 


the 


suggested 


between universities and an 


vovernment research and that co 


ordination of the scientific effort of the universities 
with that of government and indust ry is only likely 


to be achieved by resolute and vigorous action 


Commission as the 
best method = of the 
suggests further that the time 1s Tipe for a searching 


Roy al 
this, 


Looking essentially to 
achieving Association 
examination of the value of the traditional methods 


research in the univer 
the 


Such an pmquiry, 


teaching and 
the 


needs of Great 


of scrence 


sities im context of present and future 


moreover, 
the 
sixth 


Britain 


might also consider ways of ameliorating 


present intensive competitive specialization in 

forms of schools resulting from the existing scholarship 

system. 
The 


expansion 


that university 
relation to the 
both of the 


technical schools and colleges and of the colleges of 


fully 


considered im 


Association aware 
should be 
expansion of technical education also. 
technology ; and, specifically, it recommends the 
elaboration of a national plan for the 
development of universities, technical colleges, teacher 


co-ordinated 


training colleges, agricultural colleges, and colleges 


of art and music in Britain. This is as far as the 
it does not go into the question of 
government This 
the Conference of Universities 


statoment 


goes 


university and administration 


aspect Was raised at 
of the United Kingdom im London last 


when there was some discussion, and also disagree- 


December, 


ment, about the relations of teaching and research. 
There was firm support, however, for full participa- 
tion of the academic staff in governing universit \ 


institutions, and the dangers of external ufluence 
were stressed rather to the extent of over-shadowing 
the importance of securmyg local support and under 
standing and of the value of the independent advice 
and experience which could be drawn from outside 
the academic world, on which Sir Arthur Rucker 
rightly laid strees m his recent report. 

Some re-assurance on AULOTLOTY, particu 
larly in respect of the new mstitutions, was offered to 
the Conference by Viscount Mackintosh of Halifax, 
but this question of university administration has 
been brought forward im recent issttes of Seience 
and Freedomt 


hes well withim the terms of reference ot the Robbins 


The question is clearly one which 


Association of 
Scientih 


1 Policy Statement by the 


* Science and Education 
5 1 (London: Association of 


scientific Workers Pp. 16 
Workers, 1960.) 18 

+ Committee on Science and Freedom. Bulletin No. 16: Freedom 
Erficiency Problems of University Administration britain 
and the Commonwealth Pp. 32 (Manchester Committee on 
science and Freedom, 5!* Wilmslow Road, 1960.) 


that some clear and 
should be the 


pattern of university expansion and the interrelations 


Committee. and it is essential 


constructive thought given before 
institutions with other imstitutions of 


Indeed, 


ntial condition of the 


of wuversity 
highe 


thinking 


edueation are determined such 


well be the 
contimuance of acadenuc autonomy an aye which 
universit¥ mistitutions are increasingly dependent 
public finance. 

entitled “‘Self- 


Universities’, Sir 


four vears ago. in an article 
Modern British 
Eric Ashby suggested that it 1s essential for academuc 


Some 


(iovernment m 


freedom in a university that the academuce staff should 
have de facto control of the admission and examina 
the curricula for courses of study ; 
office of 


among 


tion of students ; 
academic 
the 
The last-named, 


the appomtment and tenure of 


staff: and the allocation of imcome 
different categories of expenditure. 
however, constitutes the real difficulty, and Sir Eric, 
who recognized freely the important part that lay- 
men on university councils have taken im defending 
academic freedom, pointed out that, in speaking of 
the responsibility of the university council for the 
wider interests of the university m the community, 
he does not mean the interests of the community m 
the 
depends less on the formal constitution than on the 


in which it is interpreted im practice by the 


university... Furthermore, academic freedom, 
spirit 
governing body, im collaboration with the academic 
staff. 

These points, 
tlow of 
the 
in the reverse direction, are to be 


and the further one that the maim 


direction ot new ideas and proposals, in 


contrast with flow of finance, is from below 


upwards and not 
remembered in considering the controversy that has 
heen provoked by Dr. A. P. 


and Freedom, 


Rowe’s broadcast and 
his paper im entitled 
Problem of Freedom and Efficiency m Universities’. 
Equally 


Sevence 


on which that broadcast was largely based. 
they have reference to the discussion on the place 
of the independent research institution arising out 
of an earlier broadcast talk by Prof. A. H. Cottrell, 
entitled, “Scientists : Solo or Concerted”, which was 
published in The Listener of September 15. 
Particularly in his talk, Dr. 

challenged the existing research 
teaching in British the 
priateness of some of the arrangements made in the 


Rowe 
and 


broadcast 
pattern of 
and 


universities, appro- 


past for much smaller numbers of students, for the 
conditions of to-day when the numbers of students 
are not only much larger but also there are liable to 
from 
Sup- 


be fewer students with first-class minds or 


homes with a tradition of learning or culture. 
porting Baroness Wootton’s suggestion in the House 
of Lords debate on May 11 that some inquiry should 


‘ 
te 
| 
x 
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be made into the distribution of teaching and research 
among the staffs and faculties in different universities, 
that 
located primarily in institutes associated with univer- 


he urged further UNIVETSILY Test arch should be 


sities and not in self-contained university depart- 
ments. In addition, he euggested that more attention 
should be given both to the quality of university 
teaching and to the needs and treatment of the 


ordinary student 
It is from a re-assessment of the tasks of univer 
Britam that Dr. 


proceeded to discuss the administration of a univer 


sities im along such lines Rowe 


sity. He visualizes a university organized flexibly, 


with interchangeable staffs and common social, 
library and other facilities, to undertake the three 
tasks, first, of teaching a majority of earnest, intelli 
gent but not brilliant students, mostly from homes 
with little tradition of learning ; secondly, of dealing 
with more senior students, capable of standing on 
their own feet and benefiting from contact with great 
minds, and who need advanced courses and traimng 


in research met and thirdly, with research, 


To 


Rowe calls for the elimination 


hods ; 
calling for continuity of effort and team-work. 
achieve these ends, Dr 
of depart mentalism and for a real measure of authority 
above the prot ssorial level This he would place 


in the hands of a very few able and experienced 
academic men with few other duties and appointed 
for a long pr riod 

There is considerable foundation and support for 
the strongly held belief in the interdependence of 
research and teaching. but it will be remembered that 
the balance between teaching and research was one 
of the questions which Lord Simon of Wythenshawe 
for 


‘ ial 


sugyestod by a foval Commission or 


iINquirs 
Whether it will be examined by the 
Robbins Committee remains to be seen, but Dr. Rowe 


has the support of Lord Beveridge and others m 


suggesting that more attention needs to be given to 


Nothing good could 


Steps taken to emphasizs the 


teaching but come from any 


teaching 
the university and to raise the standard of teaching, 


the 


methods, or by 


either by revision of courses, the introduction 


of new supervision of untreie and 
inexperienced teachers 
Nevertheless, Dr 


hue h re 


Rowe has pomted out a number 


of weaknesses, juire administrative action 


for the most part if thev are to be corrected, whether 
wv not a change in the administrative structure of the 
iniversities nvolved \ svstem which ensured 


that teaching ability drew its recognition and reward, 
on in research, would of itself assist 
back 


aS we ll as clistimet 


im putting nmiversity teaching into its proper 


place; but Dr. Rowe merely distinguishes bet ween 
learning and teaching. and on this point the analysis 
hould go deeper In intellectual work, both in the 


communication of knowledge and in the discovery 


of new knowledge. it is quality that counts ; and in 


the expansion of university education, too great care 


cannot be taken to safeguard the pursuit ot excel 
ence. The outstanding danger is that of mediocrity 
Creat thinkers and seholars bring mspirat ron and 
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stimulus not merely to the little cluster of research 


workers immediately around them, but also to 
successive generations of students in the whole univer- 
sity. 

W hat seems clear enough is that some investigation 
of the quality of the research work being done in 
university laboratories, particularly with reference 
to the resources available and in comparison with that 
being done in the research institutes, of both inde- 
and of the 
Research, 


Similarly, it would seem that teaching 


pendent foundations Department of 


Scientific and Industrial might well be 


worth while. 
methods and courses should be re-examined in 
the light of the 


students of moderate ability with little tradition of 


increasing numbers of university 


The second inquiry might appropriately 
the 


learnimyg 


be made by the individual universities, and 
problem appears to be well to the front in the thinking 
of those responsible for the organization of the new 
universities in Britain. The first, however, calls for 
wider and independent examunation, such as might, 
the 


Council for 


for example, be appropriately initiated by 


for Science or his Advisory 


Policy. It 
the scope of the Robbins Committee, though inquiry 


Minister 


Scientific obviously lies rather outside 


might well lead to findings with important administra- 
tive implications — as mdeed is foreshadowed in the 


of the Advisory Council on Scientific 


Prof. Cottrell has pointed out 


last 
Polies 


that the problems of administration of the research 


report 
Mores ver, 


institute are very similar, and the implications are 


important if waste of national resources is to be 


avoided. 
Despite. however, the approval given by Sir Arthur 
his 


Rucker in recent report to certain aspects of 
administration, 


university there appears to be a 
prema face Case for an pendent e\a of 
the whole structure of university administration m 
the light of the 


internal 


from the 
the 


o-day \pari 


needs of 
that 


stresses wrist nevitably out of 


sheer numerical size of expanding universities, the 
problems ot adjusting the claims of teaching and 
those of different 


lise iplines and fields of knowledge, 


research, research between the 


and particularly 


the relation between available national resources and 


what is being done elsewhere, either in other univer 


sities Or mm yvovernment or iructe pendent research 


institutions, are growmg im complexity It is already 


clear that more attention will have to be given to 
universit \ co-operation, and imereasing!y the demands 
of university administration call for the separation 


Th is 


to suggest that a sohition is to be found by imparting 


of polies and executive management not 


unmodified the type of organization which character 


ssive busimess organiza 


izes large, efficient and progr 


Trolls It is perhaps worth noting that the Com 
mittee under the chairmanship of Sir David Hughes 
Parry which reported a year ago on the New Zealand 
Nature, 187, 107 1960), 


establishment of a 


(see besides 


the 


Universities 


recommending 


grants committee, suggested governing bodies for 


the new universities of not more than twenty, 


at 
4 
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ncluding eight lay members, four of high standing 
n the Dominions and nominated by the Governor 
(ceneral, and four co-opted by the governing body 
tself from those interested in the work and progress 
of the and likely to weight and 


uthority to the university in the community. While 


university vive 
he governing body has the final decision, it has full 
of delegation ; the rights of the 
professorial board to be consulted on and to discuss 


powers further, 
inv matter relating to the university, as well as its 
duty to advise the governing body, are emphasized 
The Ashby Post-School Certificate 
wd Higher Education in Nigeria takes a very similar 


Commission on 
tine; its chapter im university government recom- 
mends a national universities Commission, similar 
to the University Grants Commuttee in Britain, and 
emphasizes the importance of both the academic 
epresentation and the iay element on the governing 
hodies of Nigerian universities, as well as insisting 
on the voverning 
bodies. 

The whole subject deserves some careful and per- 


hard 


That ion, 


undisputed autonomy of these 


and and creative 


the 


independent study 
thought 
benefit if a few university administrators found their 


vay to the Administrative Staff College, though little 


Universities, and might well 


might result unless the organization of their univer- 


ties enabled them to give effect to measures which 
vould 
ise of highly trained staff; 
tend to involve additional expenditure on 


eliminate waste and result in more effective 


initially such measures 


usually 
technicians or auxiliary staff or equipment, and such 
expenditure, even if comparatively trivial, is not 
always readily sanctioned under existimg arrangements 
well knows 


Grants Committee 


Wythenshawe, to 


as the University 
Lord 
ygestion of a Roval Commission the 
the Robbins 
eh administrative 
though he referred more specifically to the need for 


Simon of whose original 
appomtment 


due. had 


mina, 


Committee was ultimately 


matters clearly in his 
some means of co-ordinating the work of universities 
institutions for higher education 


itself 


and that of other 
Even if the 


it these proble ms of the government and administra 


Robbins Committee does not look 


on of universities im some detail, its report should 
eave no room for doubt as to the importance of such 
i full inquiry, or where the re sponsibility for initiating, 
of urgeneyv, such an investigation most 


appropriate ly rests. 


EVOLUTION OF THE FLOWER 


Die Evolution der Angiospermen 
Von Prof. Dr. Armen Takhtajan. 
(Jena: Gustav Fischer Verlag, 1959.) 


Pp. vill +334 
$4.90 


FYRHIS is a comprehensive work in German dealing 
with the flowering plants as a whole as well as 


The {ussian— strictly speaking 
in Armenian 
other than his from 
n quite good English blush at 


feeble attempts to communicate in any other language 


n detail author is a 


and vet can write lucidly in languages 


have had letters him 


own | 


making one one’s 


than one’s own 
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The OPPOTLINALE sections deal with matters applicable 
generally to phylogeny such as progressive, adaptive 
evolution and specialization. 
heterobathmie It 
set of while 
static or even degenerate This im a 
considered axiomatic, but is not always taken into 


Here he uses a term 
means that 
others remain 
way may be 


new to me one 


advance 


account in discussing phylogenies. 
is also laid on ‘neoteny” (pp. 25 and 


term as applied to botany, 


Some stress 
143) 


though it has been in use for some time m zoology 
meaning the possibility of evolution advancing from 


a somewhat mew 


juvenile stages with the elimination of the adult ones. 
Takhtajan thinks neoteny might help in explaining 
the very of gametophyte to be 
found in the angiospermous embryo sac. He has 
elaborated the idea of neoteny in essays of a somewhat 
philosophical nature recently translated from Russian 
and published in English. Perhaps he is inclined 
neoteny, but to now 
eritieisin an 


compressed 


to overstress make any view 


and to overstatement 


HN pressive invite 


is not without its advantages 

After the general section, the work proceeds to 
discuss individually the various parts of the angio 
spermous plant from the evolutionary point of view 
Sections are devoted to stom, leaf, conducting systems, 
tlower, inflorescence, pollination, anther, embryo 
sac, male and female gametophytes, seed, fruit and 
aril. He enters into great detail regarding the struc- 
ture of the pollen grain and its value in phylogeny. 

Though a believer in the woody angiosperm 
preceding the herbaceous, he has a section on the 
the herb to the shrub. He points 
have oceurred in the 
38). In all 
such the 
reversion should be revealed structurally, particularly 
Evolution not 


passage hack of 
that this 


would Seen to 


which he 


NHcessary 


out 
mentions (p 
to emphasize that 


five 
cases it is 
in the vascular clements does 
revert backwards morphologically, but does at times 
physiologically, that is, functionally. Hutchinson’s 
second edition of his Families of Flowering Plants 
had only just appeared and apparently was not in 
time for Prot. Takhtajan to comment on the former's 
division of the Dicotvledons two main 
and forms. These he 
from non-existing 
now in his second edition, is bold 
the Lignosae and 
respectively. It would be going outside the limits 
of this review to comment further on this far-reaching 
Dicotvledons, but it is a matter that 
have to take into 


rigid into 


lines of woody herbaceous 


keeps as separate evolutions 


and, 


ancestors, 


enough 


division of the 
the 
account 

The third part of the 
the orders in succession with deseriptions of each, 
and appending to them the families they each include 
The author further groups the orders into a higher 


svstematists will seriously 


work is svstematiec, taking 


category termed ‘“Uberordnung’ 

\ few pomts in the scheme of classification, which 
those of Bessey, Haller 
be mentioned. The genus Paeonia 


is largely based on and 
Hutchinson, may 
is now generally recognized to be worthy of a family 
Hutchinson keeps it in the 
Ranales; but Takhtajan widens the gap, 
as it were, placing it in the order Dilleniales 
Velumbo, the lotus lily, is removed from the Nymph 
aeales and given an order to itself, the Nelumbonales 
One distinction from the other water lilies is shown in 
The willows and 
to place, 


to it self, Paeoniaceas 


order 


the strueture of its pollen grain. 


poplars, the Salicaceae, always difficult 
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Takhtajan has put near the tamearisks and daphnes 
Hutchinson still keeps them near the catkin farnilies. 
The author appends to the systematic descriptions 
a linear list of orders and families. On running 
through this list one is drawn up sharply with such 
unfamiliar names as Brassicaceae, Fabaceae, Apiaceae, 
Lamiaceae, Asteraceae, Poaceae, and Araceae in 
place of such time-honoured ones as Cruciferae, 
Papiliopaceae, Umbelliferae, Labiatae, Compositae, 


Cramineac. and Palmae. One can see the reason for 
this. The old familiar names, except one, do not end in 
the customary ‘-aceae’. Without doing away with the 


old names entirely, could not each be extended by 
the interpolation of ‘Ac’, thus making them all end in 
aceae’? It is now generally admitted that the old 
Leguminosae is better split into three separate 
families. Hutchinson has the three now grouped 
under the order Leguminales, but Takhtajan under 
Fabiales. Would not the former be better, thus 
preserving the old name legume, so long associated 
with this group of plants ? 

It seems to me that some uniformity should be 
adopted regarding the above families. ‘This might 
be settled at the next International Botanical 
Congress ; and I would suggest that if a committee 
be formed for discussing nomenclature the horti 
culturist should be consulted as well as the svstematist. 

A word of appreciation must be said for the very 
full bibliography given. This alone makes the 
volume very desirable. There are also three quite 
useful indexes. In fact the text is so well documented 
that a work of this character in English would make 
a desirable advanced text-book for students. 

The author is cautious in not putting forward 
any new speculations as to the solution of the still 
great problem, the origin of the Angiosperms. 
Reading between the lines and from correspondence, 
his inclination is towards the Magnrolian—Bennit- 
talean view as to the primitive features of the flower. 
Engler’s main classification and the Caytonialian 
speculations are scarcely mentioned, looking as if 
thev were now outmoded. J. PARKIN 


HISTORY OF WESTERN IDEAS 


The Western Intellectual Tradition from Leonardo 
to Hegel 

By Dr. J. Bronowski and Dr. Bruce Mazlish. Pp. 

XVili + 522. (London : Hutchinson and Co 

(Publishers), Ltd., 1960.) 30s. net. 


PESHE authors set out to expound the history of 
Western thought from the late-fifteenth to the 
early-nineteenth centuries on three principles which, 
they claim, are fundamentally new. One is compre- 
hensiveness —‘‘we are interested in the whole spectrum 
of the mind the second is that ideas should be 
related to events; the third is that ideas should 
be studied through the men who first conceived them. 
The combination of these three principles, which 
they call triangulation, is intended to produce the 
“integration of intellectual history” and so make a 
coherent relationship between science and the 
humanities. They lay high claim to originality in 
so doing, and their preface is unusually full of self 
congratulation for being pioneers in such a task. 
The result, in view of these claims, is nevertheless 
conventional. They do not, fortunately, attempt 
to cover “the whole spectrum of the mind”’, for they 
say little about theology, moral philosophy, wat hetics, 
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literature and drama, the fine arts, or indeed any 
realm of thought other than the conventional realms 
of political, social, economic and scientific thought. 
Their other two ‘principles’ are certainly not original, 
and they adopt the episodic chronological method 
already only too common in histories of political 
thought some biographical facts, summaries of a 
man’s ideas in relation to his life and times, some 
generalizations about his importance, above all 
for our own day. Their prime aim, to imtegrate 
scientific thought with social and political thought, 
cannot be achieved by merely imeluding a chapter 
on the scientific revolution alongside those on 
Leonardo and Machiavelli, or one on the Royal 
Society along with those on Hobbes, Locke and 
Deseartes. Nor have the historians of ideas, of 
whom they speak so contemptuously, been s0 unaware 
of the influence of a Galileo, a Newton, or a Watt 
The remark of Sir Charles Snow which they quote 
with such warm approval can scarcely go on record 
as one of his more felicitous or accurate statements 

“The steam engine helped to shape the modern 
world at least as much as Napoleon and Adam 
Smith, but only rarely do the historians admit the fact 

The book ends, moreover, around 1830, just when 
the authors’ self-imposed task would become reall, 
important but also extremely difficult. 

Most of the time the historical categories of the book 
are entirely conventional —superficial generalities 
about “rising middle classes’, or about scientific, 
industrial, political ‘revolutions’. Its historical 
judgments are at times, indeed, out of date. Al- 
though footnote homage is duly paid to the late 
Sir Lewis Namier, the text (p. 366) still asserts that 
George IIL ‘‘was determined to impose an absolute 
rule on America as on England’. When more 
original the authors are apt to be extravagant. The 
resistance to Charles IL after 1630 is described as 
“the first major revolution in the world” (p. xvii) 
The assertion that ‘‘the experience of the French Revo- 
lution and of Napoleon, the philosophy of a Hegel, 
marks (sic) the transition from dynastic empires 
and tradition to nation states and charismatic 
authority” (p. xvi) leaves inexplicable the next 
hundred years of European history, which saw the 
creation of new dynastic empires in France and 
Germany and their cheerful survival in Austria 
Hungary, Russia and Turkey. 

Nor are the authors consistently true to their 
avowed method. How can they hope to explain 
the ideas of the late-seventeenth century, including 
their all-important scientific revolution, without 
giving much more systematic attention to events 
and conditions in the Netherlands, or a clearer 
picture of the English Civil War? They are shaky 
on economic history (even apart from allegations 
that historians neglect the steam-engine), and 
whether on enclosures in England or serfdom in 
Europe they commit vague and misleading assertions. 
They (or their indexer) confuses Robert Walpole 
with Horace: and to speak of Rousseau’s “one 
party view” is to misunderstand a vital part of his 
theory. On the Royal Society and the Lunar 
Society of Birmingham the authors have much to say 
that is interesting but searcely original. 

However, when all these substantial defects have 
been noted, the book has its uses and its value. Ih 
is, on the whole, a successful piece of intellectual 
regurgitation. It is written in a lively, easy style, 
confident if sometimes over-confident. It has excel- 
lent bibliographicel notes and admirable — brief 
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summaries of the main historical controversies. It 
directs attention, at least, to the need to widen and 
deepen and experiment in the study of intellectual 
popularization it 
most. It is not 
D. THOMSON 


piece of is enter- 


and as 


history. As a 
prising, efficient, 
more than that 


row rd as 


A TEXT-BOOK OF SURFACE 
CHEMISTRY 


Physical Chemistry of Surfaces 

By Arthur W. Adamson. Pp. x1 
York: Interscience Publishers, Ine. ; 
Interseience Publishers, Ltd., 1960.) 96s. 


629. (New 
London : 


pROF. ADAMSON has written a very useful text 
| book of surface chemistry, well balanced, full, and 
as up to date as anyone is likely to achieve in these 
davs of over-voluminous and often hasty publication 
It covers most of the field, including chapters on 
capillarity, the thermodynamics of liquid-vapour 
nterfaces, surface films on liquids, electrical aspects 
of surfaces, and long-range Five chapters 
deal with solid surfaces, one being a brief introduction 


forces. 


to chemisorption and catalysis ; and in three more, 
various practical applications, including wetting and 
detergency, flotation of emulsions and 
fous, and friction and lubrication, are competently 


minerals, 


discussed. 

Verv sensibly. the author has made good use of 
several earlier books, and he has added, and usually 
suceeeded in satisfactorily imeorporating, very 
large amount of later work. The book is written 
primarily for first-year graduate st udents in American 
universities, but it should also be valuable to senior 
undergraduates and to anyone desiring to learn the 
principles, and many of the details and applications, 
of the subject. Many, indeed, who have carried 
out considerable research on surfaces can learn much 
from this book, in those parts of surface chemistry 
in which they are not specialists. 

The book is also remarkably clearly written, with 
numerous useful analogies : for example, the difficulty 
of defining the area of a surface is compared w ith the 
difficulty of deciding what should be taken as the 
coast-line of Maine. ‘There are a number of problems 
for the reader to work out at the end of many of the 
chapters ; some of these are ingenious, and admirably 
suited to test the student’s understanding 

I have criticisms : perhaps there are more 
mistakes in historical matters, assignment of priority 
in discovery, dates, and spelling of than 
might have been expected : but once detected, these 
rectified in future printings. In 
heterogeneous 


few 


can easily be 
places, particularly in 
eatalvsis, he follows the modern fashion of attaching 
names to theories and mechanisms, and these are not 
Few people realize 


discussing 


alwavs those of the originators. 

that it was Langmuir who, in 1922, published quite 
detailed and well-worked-out kinetics of catalytic 
oxidation, assuming reaction between 
atoms of oxygen and molecules collidmg from the 
in this book, as unfortunately in 


isc ved 


gas phase: yet 
much current literature, another name is given to 
this mechanism while Langmuir’s name is attached 
to a mechanism which, so far as I am aware, he did 
not advocate. Too frequent attachment of names, 
according to current and sometimes local fashion 
rather than historical fact, renders a large majority 
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of papers unreadable to anyone outside — the 
immediate circle of specialists to which the author 
happens to belong, and should be avoided if possible 
im text books 

Apart 
Adamson has made a most 
the literature of, and education in, surface chemistry, 
and hearty The same 
cannot be said of the publishers, who have fixed a 
price that may well put the reach of 
large numbers who would profit by owning it 


minor blemishes, Prof. 


valuable contribution to 


from thie quit 


deserves congratulation, 


book out ot 


ADAM 


ADVANCES IN INORGANIC 
CHEMISTRY 


Advances in Inorganic Chemistry and Radio- 
chemistry 

Vol. 2. Edited by H. J. Emeléus and A. G. Sharpe 

Pp. viii + 392. (New York: Academie Press, Ine. ; 

London: Academic Press, Ine. (London), Ltd., 

1960.) 12 dollars 


FI NHE titles of the reviews in this volume are as 
follows: “Stereochemistry of Tonie Solids’, by 
J.D. Dunitz and L. E. Orgel : “Organometallic Com 
pounds” by J. Kisch and H. Gilman; ‘Fluorine 
contaming Compounds of Sulphur” by G. H. Cady 
“Amides and Imides of the Oxyacids of Sulphur’ by 
M. Beeke-Gochring ; Halides of the Actinide 
Klements” by J.J. Katz and I. Sheft ; “Structures of 
Compounds Containing Chains of Sulphur Atoms” by 
O. Foss ; “Chemical Reactivity of the Boron Hydrides 
and Related Compounds” by F. G. A. Stone ; and 
‘Mass Spectrometry in Nuclear Chemistry” by H. G. 
Thode, C. C. MeMullen and K. Fritze 
From the long-term point of view, the 
important articles are probably the first two, which 
attempt explanation as well as summary. The 
chapter by Dunitz and Orgel should be read by 
anyone professing a knowledge of structural inorganic 
chemistry. Three of the other chapters are devoted 
to various aspects of the chemistry of sulphur and 
reflect the current interest in the chemistry 
of the elements of the seeond short row of the Periodic 
Table although it is rather unfortunate that there 
is some overlap between the article on sulphur acid 
and a recent review on sulphur-nitrogen 
chenustry in Progress in Inorganic Chemistry. The 
largely 
From the 
this volume has 


most 


great 


amides 


devoted 


chapter on 
to the study and theory of fission vields 


spectrometry is 


point of view of physical techniques 
two chapters devoted to results derived by X-ray 
crystallography. This should emphasize that the 
only absolute method of structural determination is 
by crystallography, and it is to be hoped that these 
reviews will stimulate further the interest of crystal 
lographers in the struetures of inorganic compounds 
Both in the standard of articles and of production, 
this volume is fully up to the high standard of the 
first of the The general state of health of 
inorganie chemistry is shown by its apparent ability 
to support both this series and the parallel series of 
Progress in Inorganic Chemistry. There is a risk that 
there will soon be almost as many chemists writing 
reviews as are carrying out original work, but at the 
moment Advances in Inorganic Chemistry and Radio- 
chemistry is proving an extremely useful and informa. 
tive series. D. W. A. SHarp 
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GRAPHITE: AN IDEALLY 
IMPERFECT MATERIAL 


Graphite and Its Crystal Compounds 


and F. A. 
Press ; 


net. 


Ubbelohade 
Clarendon 


Lewis. Pp 


London : 


By Prof A. R 
xn 217. (Oxford : 
Oxford Uniyersity Press, 1960.) 

YRAPHITE jis perhaps the 

J fact that the regular three dimensional structure 
of solids, so clearly revealed by the early work of 
approni 


best example of the 


von Laue and the Braggs, is only a first 
A study of its physical and 
of which have 
reveals the 
and demonstrates how 


maiion to the truth 
chemical properties, 


the solid 


many become of 


reat) technical significance 


of imperfections in 


far we are from any refined means of 


measuring crystal defeets 
It is 
bhelohae 


this kind of background that 


and Lewis have written thei monograph 


(rraphite and Its Crystal ¢ mpounds, which brings 
together the vast literature on this subjeet for the 
first time. The autho?s do full justice to the fact 
that it is a wide range of materials which they are 


well-defined substance: 
number of tec hn cal 
greatly 
called for 
such as 

These 
kind of 
say, 
The r 


for 


lesembing and not a single 
During the past twenty voers 
for 


nuclear reac tors 


ises and cdermands vraphite have mults 


for « have 
vraphites with cle 
high 


hi ive 


plied 
specified properties, 


density and non permeability 


tlate 


purity, 


stir search by every 


modern technique, but. as the authors om 


knowledge is still verv uneven and imperfect 


hook provides a basie text as a start ng pot 


chemists, engineers and others 


aspect of graphit 


the me physicists, 


vho seek to understand some 
n relation to the wider. still imperfect, picture 
than half the book deals with graphite 


The first of these is written 


Rather mor 
tself, in four ch upters 


from aery stallographic pom| ot view, and sets out our 
present knowledge of ‘ideal graphite and the physical 
and chemical departures from this perfect model 
Which make up the wide range of materials which 
eure known and used Emphasis is placed on the 
onception of gi iphite as the extreme case of the 


large aromatic molecule Succeeding chapters deal 


with the more mechanical physical properties such 
a compressibility, elastic moduli and frictional 
behaviour and with the the rmal properties and the 


thermodynamies of the graphite-diamond trans 


formation The latter lise ussion is followed by an 
account of related substances such as silicon. silicon 
nitride and Chapter 4, 
longest im the book, collects toget he r the large 
data on derived 


carbide, boron borazon 
the 
ot 


electronic properties, 


from measurements of magnetic susceptibility, elec- 
trical conduction, thermoelectric power, Hall effect 
and optical properties. 

The second half of the book deals with the chemical 
behaviour of graphite, as represented by the produe- 
ordinary temperatures of the characteristic 
lamellar (in which the carbon layers 
retain their identity largely unchanged) and by the 
conversion to volatile products at higher temper- 
atures, sufficient to break up the bond structure, by 
oxidation or reaction with carbon dioxide. hydrogen 
or water. The lamellar compounds are classified 
broadly in terms of their bond and the 
electronic character of the predominating carbon 
An their magnetic 
on showing 


at 
compounds 


structure 


account of 
concentrates 


macro-molecules. 
and electrical 


propert 
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formation. 
and of 


the general changes on compound 
electrical resistance 


how 
such as reduction of 
diamagnetic susceptibility, contribute to the general 
understanding of electron bands in graphite itself 
\ separate chapter is devoted to the st ill controversial 
structure of graphite oxide in which the carbon 
networks have probably become buckled In thie 
final chapter, on the complete chemical transformation 
of graphite, the emphasis is on the mechanism of th 
oxidation on surface and 
edge defects and crystalline perfection, with an eve. 
the development ot oxidation 

for and nuclear 


proce SS. its dependence: 


for or 


resistant 


example, 
graphites retract ories 
reactors 

Throughout the book the discussion js 
literature 


extremely 


well furnished with reterences, and = the 
list of 
including many for 1959 
is the very recent work by electron mucroscopy whicl 


contr 


thie sce about a thousand eniries 


The only obvious 


may have developed into a valuabl 


assuredly not 


im time for a second edition. for this 


a subject where fact or interpretation will remain 

Stationary for very lony Baco 
ANIMAL BEHAVIOUR 

Animal Behaviour 

Sy Prof. J. L. Cloudsley-Th Pp. x 

162 16 plates. (Edinburgh and London: Oliver 


and Boyd, Ltd., 1960.) 15s. net 


Is traditional for books on anita 


LREADY it 


d behaviour to be illustrated by stvlish photo 
vraphs, and those accompanving Prof. Cloudsley 
Thompson's text are ptionally elegant The 


text itself, unfortunately, is not of the same quality, 
explicitly intended as a primer of animal 
behaviour for the and the 


diversity of the examples which are 


The work is 
non specialist reader, 


ussed take 


for a certain freshness of approach ; a discursive 
and imprecise presentation lessens their Im paret 
Of nocturnal animals Prof Thompson writes : “The 
carnivorous habit is less hazardous too at night, 


and competition is reduced when nocturnal carnivores 


such as beetles prey on sleeping churnal forms such 
as butterflies’, It the lavman who mav 
be expected to find this type of generalization diffi 


follow in the further ex 


Is not only 


eult io absence of any 
position 

Many of the 
decorative. For example, an account of 
in Proctacanthus on p. 9 is accompanied by 
of two flies in bizarre attitudes, but the legend does 
not explain what has been done to them. Similarly, 
facilitation in the 


drawings appear to be merely 
phototonus 


preture 


pp. 21-22 diseuss neuro-muscular 
sea anemone, but the idealized ky mograph tracings of 
the illustration bear no account of the method by 
The number of different 
inverte 


which they were obtained 
examples used to reveal the mechanisms of 
brate behaviour precludes the adequate discussion 
of any one of them, and we are told little about 
the means by which zoologists have chosen to investi- 
This is a pity, for while controversy 
among behaviour workers may be highly technical, 
their experimental methods are often extremely 
simple, and of just the kind to appeal to the interested 
The last chapter is headed “Displacement 
i8 as superficial 
D. 


gate them. 


layman. 
Activity and Human Behaviour’, and 
as its title would suggest. \. 


= 
ave 


February 18, 1961 


Mambu 

\ Melanesian Millennium. By 

Pp. xxiii 1-296 +17 plates 

Co., Ltd., 1960.) 42s. 
AMBU, pidgin English for bamboo, is in’ this 

E work a name of a prophet of a millenium in 

which the spirits of the dead will bring the tools and 


Dr. Kenelm Burridge 
(London Methuen and 


net. 


consumers goods of a developed culture for 

their descendants of the 
and New who 
neolithic The 
described began in the 


distribution among 


Territory of Papua CGuimea, were 


millen 
Territory 


reeently of modern eulture. 


arian cargo-¢ ult 
ore than sixty years ago, and has been previously 
liscussed by several authors, including Haddon and 
Lawrence, Mead, Williams. 

id Worsley The eult has been viewed 


t by missionaries 


(hinnery, Hanneman 
with some 
Hanneman, who 
and its prophets have, 


arrested by the administration, 


i such as 
es that it is materialistic, 
occasion, been 
they 
for their self-subsistence, to 
and to build large 
s intended for the 


the tools and 


sometimes encouraged peo, le to take no 
thei 


disused 


slaughter 
and quickly 
reception of the 
Moreove the 
preached that the 


withheld from 
traders 


very 
revenants 
coods. prophe ts 
secret of wealth 


and was Papuans by 
and 


There has not been a grave threat in the eult. 


rical 
settlers 
Indeed, 


disapproval of it that 


administrators, 


SSLOTLATIOS, 


Hanneman noted with some 
of other 


changes 


peoples countries organized revolutions, 


elections, of government. strikes and the 


demoeracy and 


living 


writing of books on = capitalism. 


itopia with aims of improving conditions 


The general idea in the 
cult prophets has probably been to gain time 


discouragement of eargo 
until 
ter facilities for technical made 
Territory, and until there are more 
with an Australian 


yrea education are 


available in the 


Papuan students edueation 
eturned to it 

Dr. Kenelm Burridge incidents of the 
eargo eult in the Madang district and on the Island 
of Manam in good literary style and with a sense of 


In particular, he discusses 


ibes 


the humour of situations. 
myths and dreams with appreciation of them, and 
what he terms the triangle of administrators, mis 
sionaries and Papuans with a detailed account of 


their angles R. F. Fortrunt 


Fiori delle Ande 
Da Alfonso Vinci. 
Leonardo da Vinei Editrice, 1960.) 


rg HIS is the first pocket flower-book, of the kind 

| so well known to us in Europe, for the Andes and 
perhaps for the whole of South America. 
covered is the complex series of sierras and paramos 
above Mérida, in Venezuela, but many of the plants 
illustrated have wide distributions in the Andes. 
The excellent short introduction, in Italian, deseribing 
the physical features, climate, geology and vegetation 
zones of the region, is far the head of the 
average tourist and is more suited to the highly 
educated traveller or trained naturalist. Following 
this are three coloured illustrations of the three zones, 
tierra caliente, templada and fria. Then come the 
small pictures, 66 in number and also in colour, of 
individual flowers. The presentation of these is not 
worthy of the introduction, and has obviously been put 
together with undue haste. Many of the plants are 
described as “specie non determinata”’ or are assigned 


Pp. 68 (70 illustrations). (Bari : 


1,500 lire. 


The area 


above 
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when the identification is 
familiar this flora. 


to wildly wrong families, 
obvious to any botanist 
Yet the author thanks distinguished local 
botanists for their help. It is a pity that this attrae- 
tive little forerunner has been spoiled by such haste 
or lack of Even in the introduction there is 
the statement that Jraba and Pringlea, in Cruciferae, 
are represented on the Andes, in the Alps and on the 
remote island of Kerguel n! At the top ot iu 1] the 
second and third lines have been transposed. 
N. Y. 


with 
two 


care 


Fundamenta!s of Nutrition 
W. Crampton and L. Lloyd. (Series of Books 
in Agricultural Seience Pp. xi-+494 Fran 
cisco and London: W. H. Freeman and Company. 
1959.) 50s 

N this text-book, which is plannes 
| hi and 
briefly cise 
concerned 
and ot 


(San 


fas an introductory 
related 
ssed in. an opening chapter 
nutrients and 
foods In five 


loped with regard 


course in animal mutrition, 
disciplines are 
The first seetion is with 
of the 
further seetions the 


COMpOsit lon animal 
subject i deve 
o metabolism of protein, fat and carbohydrate, the 


ins and of 


nature of vitan mineral elements, experi 
and nutrient 
The text 1s 


diagrammatic 


mental studies on nutrition require 


illustrated 
representations of 


ments for man and aniunals 
with simplified 
metabolic patho ws and other phy “ological processes 
Reading lists appended to every chapter to 
the 


nutrition. 


are 


encourage the student to become aware of 
expanding literature on the 
Phe book would be 
physiology where general principles of nutrition must 
be taught While it does not set out to be a complete 
treatise on nutrition it does prov idea good background 
wider study of the 
mended as a useful introduction to a rapidly growing 


science A. M. Corrine 


subject of 


a useful adjunct to a course in 


to a subject and can be recom 


Socrates and the Animals 
By Dr. Elena Quarelli Translated from the Italian 
by Kathleen Sy ight Pp. 160 (London : Hodder 
and Stoughton, Ltd., 1960.) 12s. 6. net. 

ANY people are sentimental where animals are 
N concerned, and attribute to them qualities 
that they do not 
Others go to the opposite extreme and dismiss them 
In this book 
Dr. na Quarelli investigates the problem whether 
She does this both 


possess —even anthropomorphic 


as ob\ cts incapable ot life or fox ling 


animals possess immortal souls, 
philosophically and logically 

She seeks information from Ancient Greek thinkers 

Aristotle and Plato, the Bible and 
representatives of Christian teaching, and 
and animal psycho 
Her own theories are backed by personal 
animals, and her make 
interesting and amusing reading. 

It was impossible to limit her inquiry solely to the 
animal world; the problem had to be seen within 
the context of the universe as a whole. She studies 
animals in relation to the whole purpose and meaning 
of life, including human beings. The book therefore 
has a sincerely religious and deep-thinking basis. 

The writer combines a sympathetic but unpre 
judiced approach to the problem. Her findings 
will delight many, and can offend none. 

B. J. G. 


such as from 
official 
from contemporary zoologists 
logists. 
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THE POSSIBILITY OF THERAPEUTIC APPLICATIONS OF BEAMS 
OF NEGATIVE TT-MESONS 


By Dr. P. H. FOWLER and Da. D. H. PERK'NS 
H. H. Wills Physics Laboratory, University of Bristol 


SOLLOWING a recent lecture by Prof. J. Rotblat 
l given in the H. H. Wills Physics Laboratory at 
Bristol, on the applications of radiations in medicine, 
we have been led to consider the possibility of using 
beams of negative =-mesons for the treatment of 
tumours. It is well known that a serious limitation 
to such treatment, when ~+-ravys are employed, Is 
the heavy dosage delivered to the healthy tissue 
in the path of the y-rays. <A typical distribution of 
the variation of dosage with depth, using y-rays from 
cobalt-60, is shown in Fig. 2. Even when the dosage 
to the healthy tissues is distributed by employing 
several fields, the resulting toxemia is commonly 
the factor limiting the amount of radiation 
which can be delivered to the tumour In this 
situation, it occurred to us that beams of =--mesons 
would have, at least in principle, a number of decisive 


advantages. 

From the point of view of its nuclear composition, 
biological tissue can be regarded as made up of 
hydrogen, carbon, nitrogen and oxygen When a 
m-meson is brought to rest in such a medium it 
may be captured by any one of these atoms. When 
captured by hydrogen, however, the resulting =--mesic 
atom migrates a short distance in the tissue until it 
encounters a heavier nucleus to which the = -meson 
is handed over. As a result, all the =--mesons inter 
act, before decaying, with one or another of the 
nuclei carbon-12, nitrogen-l4 or oxygen-16. In 
such interactions, about 20 per cent of the total rest 
energy of the =--meson, that is ~ 30 MeV., appears 
in the form of «-particles and protons, very nearly all 
of which have ranges less than 1 mm. in biological 
tissue. A further 40 MeV. is expended in breaking 
up the nucleus, and the remaining 70 MeV. is carried 
off as fast particles, mostly neutrons, many of which 


(60-70 per cent) will escape from the tissue without 


interacting. For our present purposes, it is a favour 


able feature that capture of =--mesons by light 


elements, especially carbon-12 and oxygen-16, leads 
to an exceptionally large release of energy in the »* a > 
. 
form of short-range x-particles as compared with ‘tee =" 
nuclear capture by other elements - 
The range of a 7 meson of 52 MeV is about LO em goad : 
in biological tissue, the maximum depth at which 
it is commonly necessary to irradiate tumours in the Fig. 1. Capture of negative 2--mesons: two photomicrographs 
human body If such a beam of particles is homo of the nuclear capture of %~-mesons at rest it nuclear emulsion 
It is probable that each meson was uptured by an oxvgen 
geneous in energy, there will be a straggling in range nucleus of the gelatine. In the top example, one of the five 
of about 2-5 mm 41M Appendix Further, the charged secondaries is a nucleus of *Li,. This nucleus undergoes 
. ’ &--decay after being brought to rest, and produces two a-particles 
scattering in the direction of motion of the particles es h of & 2 MeV. that are emitted in opposite directions The 
as they pass through tissue. due to Coulomb interae- track of the #°-particle is not shown. as it dipped steeply with 
: respect to the plane of the emulsion 
tions in distant collisions with nuclei. results in a In the lower example, it is probable that the irged secondaries 
lateral dispersion of their points of arrest relative were 2 a-particles and 3 singly-charged particles 
i persion of the I . f arrest relative to In sensitive emulsions such as these, discrimination between tracks 
their original directions of motion due to singly- and multiply-charged secondaries of short range 
. a poo Isio sensitivi 
The root mean-square value of this lateral devia- is | r. In emulsions of lower nsitivitv. th track of the 
singly-charged secondaries with range greater than 20m can 
tion is about 3 per cent of the mean range (see be picked out with confidence The scale in microns gives the 
range of the secondaries in nuclear emulsien. Ranges in tissne 


Appendix). For a range of 10 em. therefore, most of 
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Radiation field in biological tissue due to a collimat 
-ray beam from a cobalt-60 source 


the points of arrest are distributed in a target area 
em. normal to the axis of the beam. The 
that the effective volume 
less than the 
is usually considered 


about 2 
emerges 

made 
that it 


essential point 
irradiated can be 
volume of a tumour 
desirable to treat. 

In order to display the advantages of such a beam 
of --mesons, we show in Fig. 3 a calculated radiation 
field due to an initially parallel beam of these particles 
of energy 52 MeV. (range 10 em. in tissue) ; the results 
may be compared with the com 
puted field due to y-rays m Fig. 2. 
The field produced by a proton 
beam of the same range is included 
In each case, the beam at entry has 

eross-section of area 
2.2 em2. In making the caleula- 
tions. we have taken into account 
(i) the change in loss of ionization 
of the beam as a function of depth : 
(ii) the effect of charged and neutral 
particles produced in the nuclear 
imteract:ons of -mesons at the end 
of their range; (iii) the effect of 
the nuclear interactions in flight of 
the beam particles; and (iv) the 
effects of scattering and straggling 
on the dispersion of the beams. 
account 


a circular 


was 
presence of other 
In practice, 


In each case, no 
taken of the 
particles in the beam. 
c-meson beam will contain an 
appreciable contamination of u- 
mesons, electrons and neutrons, 
but we consider their effects could 


be niade small. 
In Fig. 3 the contours refer to Fig 
the losses of ionization energy m 
rads (1 rad corresponds to an energy 
loss of 100 ergs/gm. in production 
of ion pairs). In order to obtain a 
numerical estimate of the distribu- 
tion of the actual biological damage 
associated with this ionization, 
necessary to assume values 


radiation damage 


it 8 
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pions traversing biological tissue. 
cross-section of radius 0-84 cm. 
10 em. in body tissue. The spread of momentum of each beam was taken to be rectangular 
in form and of total width given by A p/p 
occurs in a volume 
diameter, centred at the end of the range (10 em.) 

In calculating the radiation intensity, allowance has been made for lateral Coulomb 
scattering of the beams and straggling in range. 
of ionization loss due to (i) the incident beam and (ii) charged and neutral secondary 
particles from nuclear interactions of the protons in flight, and of the pions in flight and 
atrest. The numbers alongside the contours refer to the dose in rads for 10° incident pions, 


ou 


for the relative biological damage per unit loss of 
energy. for the various radiations. ‘This factor of 
relative biological efficiency is taken as umity for 
220-keV. X-ravs. It depends on the rate of loss of 
energy of the ionizing radiations, which are different 
in different regions of the radiation field. Along the 
path of the beams, the ionization 1s produced mainly 
by lightly lonizing particles, for which the relative 
biological efficiency will certaimly be close to unity. 
In the region where the =-mesons are brought to rest, 
the ionization is mostly produced by heavily ionizing 
particles (mainly «-particles), for which the average 
value of the relative biological efficiency may be much 
higher, possibly about 6. At appreciable distances 
from the axis of the beam, the ionization is due to 
collisions of neutrons, for which the value of the 
relative biological efficiency 18 likely to be between ] 
and 3. The details of the distribution of radiation 
damage will therefore depend on the sensitivity of 
the relative biological efficiency to the density of 
ionization of individual particles. 

Unfortunately, there is at present no precise 
information on the values for relative biological 
efficiency of the different particles for the particular 
irradiation problem presented by the therapeutic 
a treatment which requires 
within a 
National 
radiation 


treatment of trmours : 
the destruction of practically all cells 
For example, the U.S. 
connexion with 
a2-particles of 
Snyder 


volume 
of Standards, m 
protection’, has recommended, for 
energy a few MeV., a value of about 15. 
and Neufeld? have computed curves based on these 
recommendations for the radiation damage for various 
types of particles. On the other hand, direct measure - 
ments have been made by Storer et al. for different 


certain 
Bureau 


Caleulated radiation fields due to initially parallel beams of protons and negative 


At entry, each beam is of uniform density over a circular 
The mean momentum was chosen to give a range of 


80 that the most concentrated 


4-5 per cent 
of length equal to its 


of roughly cylindrical form 


The total dose is made up of the effects 


or protons 
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Phe 


the radiation damaye un the 


of coneentration of 
regeon 
of the end-point is also illustrated 
Table a 
superiority of the pion irradiations 
protons 01 


These figures show the 


over those by Tavs 


The ‘figures of merit’ for the various 


PER 


we 


£88288 


8 888 


vw 


beams have been specified in two 
either by the ratio of the 
total dose delivered to the 
to that in the whole of the surround 
ratio oft the 


Ways : 


ing tissue; or by the 
dose per unit volume at the centre 
of the 
dose per 
region. For this purpose, we 
the dose at the centre of irradiation 
divided by the maximum dose 1-5 


tumour to the 


delivered in a nearby 


show 


em. away from it. 
The results show that. for 
and fast 


parallel beams ot rays 


protons (and indeed neutrons), the 


PARTICLES 
@5 


remus 


el 


other 


For a variety of heavily ionizing particles 


prod wing | ard effects in rat 


and mises 
valnes of re efficrenes 


obtam biological 


of thes« 


t hey 


in the region 1-5 3-0. In view mcertamties 
the a stribution oft 
rad 


due to beams of 


we have computer radiation 


damage in rems (1 rem relative biological 


efficiency ) negative proms, using in 
relative biological efficrency of units 
those of and those 

National Bureau of Standards 
that 
present problem will le between these extremes 

Fig. 4a represents the axial radiation dosage taken 
from the of Figs. 2 These field- 


correspond therefore to the use of a value of unit, 


turn values of 


for all part cles, Storer ef al., 
recommended by the 


It seems probable 


values appropriate to the 


contours and 3 


for relative biological efficiency Fig. 4b shows the 
for m-mesons and protons assuming the 
and Fig. 4c, that for the high 
National Bureau of 


miade tor 


axial close 
values of Storer et al 
value recommended by the 
Standards! 
both 5 cm 
itv of the 


Coulomb seattering 1s very 


Caleulations 
10 erm 


lateral dispersion of the 


were ranges oO 


and The effeet on the peak inten 


heam due to 


small for of 


range, and for protons of ¢ ither range but it reduces 


the peak intensity for 10-cm. range by a 


factor of 


pions ot 
mw 

The important feature illustrated by these results 
ix that. whichever set of values for relative biological 
is taken, the 
volume centred near the end-point of the pion beams, 
and called here the 
than that delivered in any of the 
The the 


course in the path of the incoming beam, but the dose 


efficiency dose received in a spherical 


tumour region’, is much greater 


surrounding tissue 


greatest dose outside tumour region is of 


gradient even in this direction is very large 


ver volun 

than 
arul 


radiation damage 
in the tumour is no 
that in the surrounding tissue 
that only a smal 
10) per cent) of the 
damage 1s contined to the 
Both 
undesirable In 


yreater 


fraction (less than 
total bodys 
tumour 
highls 
contrast, tor a 
the 
than i 
the total 


tumour 


these features are 


beam of -mesons, clamage 


unit tities 


volume 18 
the tumour 


and 


per 
yvreater in 
regions 
damage im the 
inthe whole of the surround 


adjoming 
rewronr 
appreciably exceeds that 
ing body tissue. In principle, therefore, the advantages 
of a beam of >-mesons appear to be very great 
The preceding results refer to 
volume linear dimensions of 
2 em.: the lateral the 
and the spread of momentum in the beams were 5¢ 
chosen as to irradiate such a volume nearly uniformly 
If it desired to smaller volume, the 
characteristics of the bear could be altered 
ingly. 

In Fig. 5 we show the axial radiation tield for pron 
and proton irradiations, with the fractional momen 
tum spread of the beam, and its lateral extent, each 
reduced by a factor 2. This would correspond to 
irradiation of a tumour of one eighth of the previous 
The riority of the  -menson irradiation 
ray irradiation is apparent, and 


irradiations over a 


with about 


extent of 


tumour 


incoming bear 


were treat a 


accord 


volume 
over the proton or ¥ 
is somewhat more marked than when larger volumes 
are irradiated. The minimum volume within which 
one can restrict an appreciable fraction of the racha 
tion damage is determined, for stopping particles, by 
the lateral spread produced by Coulomb seattering 
\s shown in the Appendix, this spread 1s nearly 
proportional to the depth of penetration (that is, the 
beam range). 


Table 1 


(External tumour centre) 


dam 


(Tumour 
damage) 
1 5em, away 
rumour depth 
Cobalt-60 »-rays 
Fast protons 
Ending protons 


7 - mesons 


| 
+ 
| 
i 
or234367890" BUM 
| 
} + 4 
| 
° 2 a 6 8 © 2 2 
Fig. 4 a) Axial radiation fiel sponding t the contour The ! 
normalized) fleld due to a cobalt-60 y-ray beam is also indicated wel 
(bh) and (¢) Axial radiat tields of proton and pion beams of ranges 5 cm. and 10 cm, at: 
7 espectivel where tl values for t relative biological effect of Stor t At 
Nat Por f Standards mmendations are emy 
§ 
ye 
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ICLES 


RADS PER 10 PART 


rays it is normal 

dose to healthy 
several directions 
the 


Or -THeSOTLS 5 


When employing 
luce the 
to irradiate 


practice, 
to re tissue adjacent 
from 


gained in 


tumour, 


The same advant re ean be 


bears of low-energy protons 


also practi able to prod ce a 


it may 


onverging beam in a single exposure, because the 


omentum of the pions of the required range is quit 
low (~ 100 MeV./c 

In view of these apparently great advantages, 1 
while to whether, with 
and their 


present available, which have been desigm d for the 


appear worth examine 


accelerators associated equipment il 

‘ite different purpose of making r fined experiments 
with beams of fast elementary particle s, it would be 
iffimrent 
For this purpose, 


sible to secure irradiations of mftensity 


na reasonable tine on the basis 


f the results summarized in the figures, we estimate 
a treatment of a tumour with an irradiation ot 


14) rems would require the arrest of up to 10° 


incident 
2 with a total spre ad of momentun 


sons per or an beam ot up to 
10° proms em 
of 4-5 por cent 

Phe Liverpool cyclotron, working with protons of 
energy 400 MeV. bombarding a thin bervilinum target 
can produce an ot = 
energy 90 MeV., and witha total spread of momentum 


The beam 


beam mesons of 


of 4 per cent number of x>-mesons in th 
is ~ 10 
single quadrupolk 
deflecting magnet for analysis of momentum It is 
that a 
allow a large fraction of 
focused into a spot a few square centimetres tin area 
With the existing beam, the time of exposure required 
would therefore be up to 1O® sec 

Doubtless improvements of intensity in a specially 


This beam 1s produced with a 
(focusing) magnet followed by a 


heheved second stage of focusing would 


the original beam to he 


equipped machine could be secured by a suitable 
choice of the target element, by increasing the mean 
proton current and by employing focusing magnets 
which would appear feasible for 
It seems likely 
of 50 MeV 
moderate 


of higher aperture, 
the low-momentum beams required. 
also that the pion yield in the region 
could be made considerably bigger bv a 
increase in proton energy. In view of these factors, it 
appears not unreasonable to suggest that beams of 


NATURE 


than those at 


-rnesons 1,000 times more intense 
present available in Liverpool would be technically 
foasible without any radical changes in present equip 
ment, and that the shielding problem co ild be over 
The for 10° 
particles would then be L000 se 

These considerations make it desirable to determine 
and 


distributions 


corresyp miding exposure times 


in more detail the physieal processes involved ; 


to make measurements of the ectual 
of the 
tissue 


due to both charged and neutral par icles from the 


arrest of 7 -mesons 


on the distribution of the onization 


points of injected int 


and of a number ot other 


Such experiments 


arrested -mesoms ; 
being 


future 


are at 
the near 


quantities pr ‘sent 


designed and will be carried out im 
It will also be 


the most advantageous forms of shielding from the 


necessary to consider the question ot 
high neutron fluxes generated at the target 

We mav remark that our caleulations indicate the 
marked superiority of beams of protons over raves 
for therapeutic Although 
protons are markedly inferior to pions, their produ 
sufficient possible with 
technical thes 
would have great from 
cobalt -60 

Table 1 


delivered to a tumour compared with that in adjacent 


purposes beams ot 
would be 
established, 
advantages 


tion in intensity 
and 


rays 


methods already 


over 
radiation 


shows the ratio of the 


regions. The tumour is taken to be of radius [1-5 em., 
and to be situated at a ct pth of 5 em. or 10 em. from 
2 and 3 the 
refers to that ina sphere of radius Lem. Cale 


the skin. In columns total ext ornal dose 
ilations 
for initially beams of 
width: and, for the 


with the 


been made paralle) 


low-energy proton 


and band of momentum 
For « 
irradiation only 
the values 


is practically the same for all four types of radiation 


proms, optimum 


and 4 the 


If irradiation is 


Oolummns 3 figures apply to a singlk 


from different 
a factor which 


clirections, will inerease by 


The pair of figures given for the beams of slow 


protons an mesons refer to a value of unity for 
biological effeet, and the high 

National Bureau of Standards, 
beam is assumed to 
through the 


a small change in velocity 


the relative value 
recommended by the 
The 


sultierent 


respective ly 
be of 


volume with 


proton 


energy to 


only 


Append x 

(a) Lateral spread of a beam due to Coulomb scatte: 
nq. Consider a parallel pencil beam of initial energy 
FE, and initial range PR, Let 22 be the mean square 
angle of multiple scattering of the particles im the 
beam per unit path length when they possess residual 
range R. The total mean square late ral deviation ot 
the points of arrest, D,?, is then given by 


D,? 


x? for tissue is given by 


10-6/( radians)? em. 


where p is the momentum measured in MeV./e. and 
4¢ is the velocity of the particles at any point alony 
their trajectory. 

For the ranges R under consideration, pj Is 
to sufficient accuracy for m-mesons by the relation : 


ps — 24R°-5* MeV. /c 


\ 
Bait 
\ 
| 
o 2 3 4 5S 6 
DEPTH IN CM 
Axial radi field for the case of beams of radiu 
rr tum such that the particles end ove 
mu sand spread el wh tha 
} in extent at a mean depth of Relatiy 
biological efficiency taken as unity for all particles 
f 
| 
q 
= 
% 
ok 
} 
ie 
| 
1 
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where A is measured in em. 
Hence 


1-0 x 10°-*R,' cm.? 


Re 
Dy? = 1-84 x 10? “dR 
0 


The root-mean square projected value of dD, along 
any direction perpendicular to the initial beam 1s 
D,/4/2 and is thus 


Dy proj é 
52-MeV. x-mesons, for which 10 em., 
Dy proj 0-6em. For other values of Ry, the ratio 
(Dy proj)/Ry remains almost constant. The lateral 
distribution of density of the points of arrest of the 


> 
10 em. 


Thus for 


=-mesons at a distance )) perpendicular to the beam 


is given by a Gaussian distribution : 


pe 


/ /, exp = : 
proj.” 
exp [ 1-4"), for Ry 10 em. 
I, exp | 5107), for R, 5 em. 


At any intermediate point between entry and the 


point of arrest where the residual range 1s R em.., 
the root-mean square lateral deviation Dy, proj. (PR) Is 


given by 


> R 1.88 R 
Dy proj (PR) Dy proj 14-9 11-5 
R, 


which may be approximated by 


Dy proj (PR) Dy proj R/R,}? em., R R,/2 
proj R> R,/2 


(4) Longitudinal spread (straggling) of homogeneous 


heam 


The projections of the end points of the pion 


g = growth of communication in the modern 
world has added a new dimension to applied 
the traftie control the 
police information room, or the telephone switch 
board of a large concern, men are daily subjected to 


psychology In aur tower, 


a barrage of spoken messages with which they are 
expected to deal speedily and efficiently. 
these 


ciisastrous. 


In some of 
situations, at least, human error can prove 
It is therefore of obvious importance to 
ascertain the extent to which the human operator 
can handle a plurality of speech messages, and the 
factors which dispose him to error. What, in short, 
are the limits of the human operator conceived as a 
receiver and transmitter of spoken information ? 


This question Was the theme of a Friday evening 


Discourse at the Roval Institution on November 18, 
delivered by Mr. D. E. Broadbent, director of the 
Medical Research Council's Applied Psychology 
Research Unit at Cambridge. Although taking 


the predicament of the air traffic controller as his 


pont of departure, Mr. Broadbent was clearly 


more concerned with the theoretic al upshot of 
recent work than with its contribution to im 
mediate ends He directed particular attention 
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tracks along the axis of the pencil are also spread out, 
due to statistical fluctuations in the energy loss. This 
distribution is again practically Gaussian. The 
root-mean-square value of this straggling about the 
mean range PR, em. in body tissue Is : 

or Dy/R ~ 2-3 per cent for values of R, between 5 
and 10 em. 


This figure for the straggling in range of a homeo 
geneous beam of x--mesons is probably smaller than 
one would require. So the longitudinal spread wil! 
be determined in practice by the spread in energy ot 
the this can be 
the movement of slits in the 
system that would be employed. 


incoming >-mesons ; adjusted by 


magnetic focusing 
To obtain a spread 
3 per 
Such 


of 5mm. at 10 em., an energy spread of 
cent in the incoming beam would be required. 
resolution is readily obtained. 
We wish to thank Prof. C. F. 
interest and encouragement, and 
We are also indebted to Mr. H. F. Freundlich for 
and for Fig. 2 of this article 
After preparing this report, we were informed by 
Dr. R. D. Hill, of the University of Illinois, that he 
had considered the problem prey iously (1958) and 
had circulated his conclusions in a private letter to 
certain medical authorities in the United States 
These conclusions were somewhat different from those 


Powell for his great 
for discussions 


several discussions, 


presented here, and the advantages of pion beams 
over existing beams of protons and rays were not 
considered sufficiently substantial to warrant further 


pursuit of the matter. 

! National Committee on Radiation Protection, Handbook 5%, p. 4> 
(National bureau of Standards, 1954). 

and Neufeld, J., Radiation Res., 6, 67 (1 157). 

Harris, P. 8., Furehner, J. E., and Langham, W. H 


* Snyder, W. 5 
* Storer, J. B., 


Radiation Res., 6, 188 (1957) 


to the percept.on of simult aneous, or sie arly simul 
taneous, which much research has 
been devoted during the past ten years. It is now 
clear that the familiar difficulty in ‘hearing two 
things at once’ cannot be primarily to 
masking or related interference at the physiological 
level, and seems due rather to difficulty in allocating 
the individual words heard to their respective con 
texts, that is, to perceptual confusion". This difficulty, 
as Mr. Broadbent pointed out, may be appreciably 
reduced if the two messages differ in salient charac 

teristics ; for example, if spoken in different voices 
originate from different pomts in 
Ind ed, spatial separation has been shown 
to be particularly effective in reducing error, more 
especially conditions in which some of the 
irrelevant to the of the 
Effective, too, is probability of message im 
the sense of the communications engineer. The extent 
to which different handled at the 
same time appears to depend not so much on the 
number of words reaching the two ears as upon the 
probability of each message. Indeed, two highly 
probable signals may in fact be perceived simul 


messages, to 


ascribed 


or appearing to 


space®, 


under 
information 18 
listener’. 


purposes 


can be 


THesSsayes 
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THE NERVOUS SYSTEM 
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Contains the authoritative proceedings of the Fourth International Neurochemical 
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Methyl Transferase Enzymes in the Nervous System and Glandular Tissues by 
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list of participants discussed such topics as Copper Distribution in the Human Brain 
and the Effects of Drugs on Neurons 


84s. net ($12.00) 
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The Biology of Stentor 
A STUDY OF INTRACELLULAR ORGANIZATION 
VANCE TARTAR, University of Washington, Seattle 


Summarizes and correlates all that is known about a certain group of unicellular organisms, 
ciliate protozoa of the genus stentor, which are amenable to more extensive micrurgical 
operations than any other type of cell and are eminently suitable for classroom study 
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Edited by CLAUDE A. VILLEE, Harvard Medical School, Boston 


Contains the proceedings of a conference sponsored by Harvard University and the 
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ovulation are based 
70s. net ($10.00) 
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organizations engaged in scientific investigations in the field of refrigeration. 


63s. net ($10.00) 
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An Introduction to Co-ordination Chemistry 


D. P. GRADDON, Senior Lecturer in Inorganic Chemistry, University of New South Wales 
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AUTOMATIC POLISHING MACHINE 


for metallurgical specimens 


New design with novel features 
essential for the modern works 
laboratory 


A MAGNIFIER 
OF THE HIGHEST QUALITY 


The beautifully made, well finished magnifier 
illustrated above has a triple cemented fully 
corrected lens giving a flat field completely 
colour-free. It gives a magnification of x 20 
linear. The metal parts are well made. designed, 
finished and chrome plated. The screws have 
locking washers 


Maenifier No. 1067 20. 
@ Also made in x8 and X10 magnification 


with larger aperture. 
@ List No. 163 illustrates and describes all 
the range of magnifiers. 


Please write for details 


Manufactured by: 


R. & J. BECK LTD. GOWLLANDS LTD 
69/71 Mortimer St. London W.1, MORLAND ROAD, CROYDON, SURREY 


Obtainabie from all scientific instrument suppliers 


Contributed by ELGA PRODUCTS LIMITED / % 


Water Purification by deionisation is now widely 
accepted as an invaluable technique for laboratories 
and many industrial applications. Other applica- 
tions of ion exchange are, perhaps, not so well 
known, and one is now briefly described. 


Removal of Metal lon Recovery of Metallic lons 
Contaminants Valuable metals in ageous solutions can be adsorbed 
Ion Exchange resins may be employed to effect on a suitable Cation resin, which is subsequently 
complete and rapid removal from solution metal ions treated to recover the adsorbed metal. Typical 
which, because of their taste, colour, smell, or examples of metals which may be salvaged or 
toxicity, are undesirable in many processes or concentrated in this way are : 


products. A cation resin is used, and one example Copper—tfrom rayon and pickling wastes 
is the removal of iron from phosphoric acid pickling Gold—from industrial wastes 

baths. Industries using this technique include Food Chromium—from plating baths 
Processors, Pharmaceutical Manufacturers, Textile Rare Earth Metals—from their ores 
Mills, Chemical Manufacturers, Dye Works, Tan- Isotopes (concentrated 

neries and Paper Mills Magnesium—from sea water. 


Part of this information has been condensed from Rohm & — Elgastat Deionisers are contributing to Research throughout 
Haas Publication 1LE-3-53a. the world by providing ultra-pure water at a turn of a tap. 
In following issues it 1s hoped to deal with further specific 

applications 
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In general, Mr. Broadbent is on strong 
advocating the view that the 
perhaps of its limited 


capacity for the 


taneously. 
ground in 
brain, in 


human 
virtue SiZe, 
possesses a limited 
information. 

A closely related problem is dichotie listening, that 
is, the perception of speech fed by independent chan- 
nels to the two ears. Some years ago, Prof. Colin 
Cherry was able to show that the effects of feeding 
two different messages simultancously, one to each 
ear, are entirely different from those that are obtained 
if the same messages are ‘mixed’ on a tape recording 
and the two ears stimulated identically'. In the 
of the independent messager, the observer has no 
difficulty in listening to one or other message at will 
He can, however, 
repeat virtually nothing of the ‘rejected’ message 
beyond perhaps the sex of the speaker. Yet this 
rejection’ is not quite absolute: individual words 
arriving at the ‘rejected’ ear may 
heard; for example, the listener's own name® or a 
word fitting more appropriately into the context of 
the message to which attention is being paid than 
that actually arriving at the ‘accepted’ ear*. There 
is evidence, moreover, of short-term ‘storage’ of the 
rejected’ information. In earlier experiments, Mr. 
Broadbent demonstrated that if a short series of digit 
given dichotically, these digits could be 
reealled, though not in their 
arrival. Almost invariably. the subject repeated first 
the digits fed to one ear and then those fed to the 
other?. More recent work has, 
that this kind of selection is not governed exclusively 
by the ear to which attention is given. For example, 
if three monosvllabie words forming a short sentence 
are fed simultaneously with three digits such that 
words and digits alternate at the two ears, subjects 


or In repeating it concurrently. 


sometimes be 


pairs was 


correct ly order of 


however, suggested 


are found to repeat first the sentence and then the 
number, or It seems possible, then, to 
listen for words as opposed to numbers just as one 
can listen to one ear as opposed to the other. At the 
same time, the obvious differences 
between these two kinds of selection might suggest 
that they are governed by different types of cerebral 


rece versa’ 


existence of 


mechanism 

Although few of the phenomena of speech per- 
ception find ready explanation in neurological terms, 
Mr. Broadbent argued in his discourse that the issues 
which they raise have an important hearing on 
auditory theory. For example, a vowel sound con- 


OBIT 


Prof. H. T. S. Britton 
STANLEY died 


is Surry ived 


Pror. Huspertr THOMAS BrRiTTON 
after a short illness on December 30; he 
bv his son and daughter. Born at Kingswood on 
April 92, 1892, he educated in Bristol at St. 
George's Grammar School, the Merchant Venturers’ 
and the Universitv of Br.stol, graduating 
in 1914. He spent a short period as a grammar 
master and then during 1916-20 as 
in the Aeronautics Inspection Department, 
and during 1920-25 as ass stant lecturer at King's 
College, London. Between 1925 and 1927 he held a 
senior award of the Department of Scientifie and 
Industrial the Imperial College of 


Was 


College 
thenee 
school served 


chemist 


Research at 


NATURE 


processing of 


tains several different components at widely different 
frequencies, and to identify it that one 
should pick out the several components and treat 
them as pertaining to the same voice rather than the 
background noise. How does the auditory mechanism 
effect this discrimination ? Although no very com 
plete answer can be given, Mr. Broadbent suggested 
that amplitude modulation may play an important 
part. If a tuned system is subjected to amplitude 
modulation, the pitch of the resulting sound will, 
in appropriate conditions, correspond not to that 


requires 


of a steady wave having the frequency of the system 
but to that of the imposed pulses. In the case of the 
ear, one may argue that the pitch of a sound will 
depend not so much on the precise receptors stimu 
lated (as traditional theory 
feature of the message travelling up the nerve fibres 
and affected by the rate of amplitude modulation. 
A likely candidate, Mr. Broadbent the 
frequency of impulses in the auditory nerve. Although 
no direct neurophysiological evidence is available, 
Mr. Broadbent argues that experiments with ‘syn 
thetic speech’ in which different parts of the spectrum 
ean be modulated at different rates are well adapted 
to test this theory 


holds) as on some 


sugyests, 18 


The study of speech perception and related prob- 
lems is advancing with encouraging rapidity. Al 
though the point of view of the applied psychologist 
influenced by communications theory is not always 
easy to reconcile with that of the sensory physio- 
the approach outlined by Mr. Broadbent has 
certainly served to throw valuable light on the limits 
of the auditory mechanism and on 
processes which operate in the perception of speech, 
It may be hoped that the next step will be the 
translation of the models derived from information 
theory-—which Mr. Broadbent has himself done much 
to develop This 
regards as a 


logist. 


the selective 


into those of neurophysiology 
possibility one reeent writer at least 
great deal less remote than is commonly supposed? 


Broadbent, D. E., 
London 
* Hirsh, I. J., J. Acoust. Soe 
* Poulton, E. C., J. Exp 
Cherry, E. C.. J. Acoust. Soe. 
Moray, N., Quart. J. Exy 
Moray, N., and Taylor, A., Language and Speech, 1, 
’ Broadbent, D. E., J. Erp. Psychol., 47, 191 (1954). 
Gray, J. A.. and Wedderburn, A. A. L., Quart. J. Exp. Peychol., 12, 
(1060 
Gerard, R. W., Handbook of Phusiology : 1 
Amer. Physiol. Soc 


ception and Communication (Pergamon Press 
1958) 

Amer., 1950), 

Pesychol., 46, 91 (1953) 

tmer., 25, 975 (1953) 

Peychol., 11, 56 (1959). 


22, 196 


102 (1958). 


Veurophysiology, 3, 1919 


UARY 


Science and Technology, London, and then, after a 
year or so aS lecturer at Norwood Techn cal College, 
the 


lecturer 


then 
and 


he commenced his long with 
University College of E 
then, from 1935 until his retirement, as professor. 
Despite a very heavy load of teachimg—n the 
early years he was responsible for the whole of the 


BSSOCLALION 


seter, first as 


honours teaching in physical and inorganic chemistry 

Prof. Britton active im research, 
publishing numerous papers and directing the work 
of a number of research students. 
Beyond the confines of his Department he was a 
prominent figure on the Senate, served at some time 
on the councils of the Chemical Society, the 


extremely 


Was 


considerable 


toyal 


| 
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| 
| 
§ 
| 
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Institute of Chem/'stry and the Society of Chemical 
Industry, was for a period chairman of the board of 
governors of the North Devon Technical College, and 
was @ popular extra-mural lecturer. He was instru 
mental in securing the the local 
sections of the Royal Institute of Chemistry and of 
the Society of Chemical Industry, and played a 
leading part in the preparations for the elevation of 


establishment of 


the College to university status 
Britton’s interests lay 
chemical investigation of 
solution, mainly by measurements of the potentials 
of electrolytic cells ime orporating hydrogen, glass and 
metal but also including electrical 
Inetance, diffusion and dialysis, phase-rule studies 
He accumulated a mass of quanti 


in the physico- 
reactions in 


research 


clectrodes, con 


and polarimetry. 
tative data relating to the precipitation of hydroxides, 
hvdrated oxides and basic salts of mumerous metals, 
and to the formation of complex ions involving a 
he made notable con 


variety of acids and bases 


tributions to the solution’ chemistry of less common 


elements such as vanadium, molybdenum and ruth- 
Robinson devised the well-known 
which bears their 


onium, and with 


buffer names 


mixture’ 


iniversal 


The Space Vehicle 196ly 


A neavy Earth satellite 
from a launching point in the U.S.S.R., probably 
at a time near midnight on February. 11-12, and 
12 a space vehicle was launched 


was projected into orbit 


early on February 
from the heavy satellite, with the aid of a rocket 


which accelerated it to a speed greater than the 
escape speed of Il km. /see This space vehicle, 
which weighs 643-5 kgm. (1.419 Ib was directed 
alone a flight path designed to take it into the 
viemmty of the planet Venus, which it is expected 


to r when the 


wh in the second half of May 
70 million km. from the Earth 


planet will be about 
At 9 hr. U.T. on February 12, 
stated to be 126,300 km. from 
at longitude 86 FE. 


the space vehicle was 
the Earth's surface 


latitude 6 04° N 


and 


24 hr. later, the distance had increased to 489.000 
kmn., at longitude 88° 2° E. and latitude 0° 53’ N 
The vehicles radio transmitter operates, on com 


of 922-8 Me./s., and is to be 


It is powered by chemical 


mand, at a frequency 


<witched on every 5 days 


batteries, and the are re-charged by solar cells, 
which are orientated towards the Sun. The main 
PUPrpOses of the vehi le are to test the procedures 


for launching bodies into interplanetary orbits, to 
test guidance systeias and communication at extreme 
distances, to investigate the size of the solar svstem, 
and to measure various physical properties of inter 
planetary Space 
This vehi le, by 
into interplanetary 


step forward in 


launched 
substantial 
technology. Its flight 
preceded by the the heaviest Earth 
satellite, 19615, kgm., which 
put into a close orbit on February 4, and apparently 


the heaviest vet 


represents a 


far 
apace, 
Space Wiis 
launching of 
6,483 


weighing 


served as a test vehicle for 1961y Any physical 
measurements made by the space vehicle in the 
Mh ighbourhood ot Venus will add to our scanty 
knowledge of this inscrutable planet but it has 
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Britton’s Hydrogen Tons, which ran to four oditions, 
is an indispensable reference book in every laboratory, 
concerned with the physico-chemical behaviour of 
solutrons of electrolytes 

Br.tton was the most approachable of men, eves 
vartr-hearted and friendly, and was extremely 
popular with his students. He was a lively and 
entertaining lecturer whether to undergraduates o1 
to an extra-mural audience in the heart of rural! 
Devon, and he retained to the end something of th: 
sceptic and the rebel. As head of department, hi 
made himself freely accessible at all times to staff 
and students alike, and to from othe 
departments. On his retirement in 1957 he was mad: 
emeritus professor, but his life in retirement wa 
clouded by anxiety over his wife’s failing health, and 
in June 1959, her death. 

Britton will live long in the affectionate memories 
of the many students who passed through his hands 
His writings and researches contributed much te 
the chemistry of thie 


colleagues 


ionic solutions, and he 


secure foundations on which the future developme nt 
Department at 
CFREGG 


and expansion of the Chemistry 


Exeter may confidently be based 


nol been disclosed whether the vehicle carries the 
terminal guidance which would be needed to make 


a very close approach to the planet 


The Science Museum Library : 
Mr. J. A. Chaldecott 


Mr. J. A. CHatpecorr has been appointed keeper 
of the Science Museum Library in succession to the 
late Mr. H. T. Pledge. Mr. Chaldecott, who has been 
secretary to the Advisory Serence 
Museum and deputy keeper in the 
Phyvysies February 1957, 
Upper School, Hammersmith, and at 
Brentwood School. He read physies and mathematics 
at Borough Road College, graduating at the Univer 
sity of London in 1938. Early the following year he 
was commissioned in the Meteorological Branch of 
the Royal Air Force Voluntary feserve : for much 
of the Second World War he was seconded to army 


Thention 


Couneil of the 
Department ot 
educated at 


since Was 


Lat vimer 


and his services earned him 
in dispatches. After the War he read 
philosophy of science at University ¢ ollege, London 
obtaining M.Se. in 1949 He lecturer im 
physics at Acton Technical College for a short period 
before entering the Science Museum, in 1949. as an 
keeper. He the George 
collection of scientific the heat and 
thermal instruments collection, and also edited the 
commemorative vohime Museum: the 
First Hundred Years. His published papers have been 
in the history of physies. He is a member of Council 
of the British Society for the History of Science 


Mr. F. H. Scrimshaw 


Mr. F. H. ScrimsHaw has been promoted to the 
rank of deputy chief scientific officer. In 1939 Mr. 
Scrimshaw graduated in physics at the University of 
London with honours and was awarded the Granville 
research studentship as the best University of London 


formations, 


history and 


his was 


assistant catalogued 


instruments, 


Scie nee 


Ministry of Aviation: 


ge 
> 
i 
{ 
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physies graduate of the His tirst work at the 
Royal Aircraft Establishment, which he 
1939, was concerned with bomb-sights, followed by a 
pell during 1942-45 of research on airborne auto 
matic dead-reckoning navigation equipment. On the 
formation of the Blind Landing Experimental Unit 
at Martlesham in 1945, Mr. Scrimshaw 
of the flight control section which investigated such 


year, 
joined inh 


took charge 


problems as the use of automatic pilots, leader cable 
tidance and automatic throttle control to aircraft 
landings. This work has come to fruition recently in 
the British Auto-land which Britain is now 
actively sponsoring for use by civil airlines. In 1950 
Mr. Scrimshaw returned to the Royal <Arreraft 
Establishment, where he continued to work on inertia 


system 


ae know le dged 
until 


becoming an 
He continued this work 
research 


navigation systems, 
xpert in this field. 
1958, when he became director of scientific 
electronics) at headquarters of the Ministry of 
\viation In this Mr 


associated with long-term research projects in 
Ministry of Aviation has been 


post Scrimshaw has been 
elec- 
tronics im which the 


engaged. 


Prof. J. D. Lever 


been appointed, im 


Anatomy at Cardiff : 


Dr. Jerrrey D. Lever 
LECCORSION to the late Prof J. 8S. Baxter, to the chair 
of anatomy in the University ¢ ollege of South Wales 
and Monmouthshire, Cardiff. Dr. Lever was educated 
aut We School and at Trinity College, Car 
bridge, which he joined as an Exhibitioner in 1941 
He graduated im in 1946, having pursued 
udies Thomas's Hospital After 
service n the Navy he joined the academic staff ot 
the Anatomy Department in Cambridge as a Univer 


the M.D 


rhedicine 


his clinical s im St. 


sitv demonstrator He was awardes dew oo 
im 1954, 
During the 
and research assistant 


Washingion Univer 


shiy 


1955, was appomted to a le 
1954 55 he 
in the Department 
itv, St 
under the direction of Dr. E. W 


electron 


and, in 


academic year was Visiting 
mastructor 
of Anatomy, Louis, 
Dempsey, 


interests aS research workel are concerned largely 


where, 


he received a training 


with the funetional histology end fine structure of the 
Hos include 
adrenal gland, Langer 


endoerine gland publicat iors con- 
tributions on the 
hans, the parathyroids, and the earotid body In 
1956, on the the Anatonucal 
Society, he was awarded the Symington Prize, for 
origimal work in the Senate of The 
Queen's Universit, He was elected to a 


1957, 


the mlets of 
reconunendation of 


anatomy, bv 
ot Belfast 
College, 


tellowship ot Cambridge, im 


and since then hes been director ot medical struclies 
in the College He is & Tih mber ot the Counes! ot the 
Anatomical Society. 


A Co-operative Space Research Programme 


REPLYING to a request in the House of Commons 


for a statement on achieved towards a 
Commonwealth and European space rr search pro 
gramme, the Minister of Aviation, Mr. Peter Thorney- 


croft, said that at the Strasbourg Conference delegates 


progress 


had expressed keen interest in the political, scientific, 
economic and technological advantages of co-opera 
the manufacture of launchers heavy 

If an organization for this purpose was set 


tion in for 
satellites. 
up, it would be on a long-term basis, and could as its 
first programme use the British Blue Streak as a first 
stage, a French rocket as a st cond stage, and a third 


The United 


stage manufactured elsewhere in Europe 


NATURE 


would 
Conference to study its 


Kingdom end French Governments now be 
their partners in the 
the view of deciding whether to form 
organization. The Federal Republic of West 
n principle to take part, but had 
reeit he rthe possibility of, nor the interest in, developing 
» rocket of its own tor space purposes, As to co 
operation with other countries, Mr. Thorneycroft seid 
that Australia would undoubtedly be the place from 
which this programme, Blue Streak as a 
would be launched, and we would, of course, 


usk ne 
results with 
such an 


(.ermany Was 


using first 
stage, 
welcome every co-operation with the United States 
the 


the estimated cost of 


basis ot 


The British subscription would be on 
een which, on 
would be £23 300.000 over 


The Cotton, Silk and Man-made 

Association 

IN a answer in the 
February 9 the Minister of Education, Sir David 
Eecles senting the Minister for 
stated + proposed that the merger of the 
British Industry Research 
the British Ravon Research Association 
on, to be called the Cotton, Silk and Man 
made Fibres Re Association, will be effective 
from April 1, 1961. The annual expenditure will rise 
from about £490,000 to about £580,000 over the next 
j sought mainly 


five years 


Fibres Research 


written House of Commons on 


Science, 
that it 
and 


Cotton \ssocjation 


mto orm 


ASSOC TAT 


h 


five year 


ome being 
from and 
statutory levy under the Industrial Organization and 


Act, 


the industriel ime 


processers of cotton man-made fibres by 


together with support from pro 
The new Research 


present site of the 


Development 

would the 
Cotton. Research Association at Didsb ry, 
will be extended, and the labor 
atories of the Rayon Research Association at Heald 
Green will be sold. The research of the new 
Association will be drawn from the existing Assoc 

for redundancy, 


compensation and 


dueers of 
Association OCCUPY 
where the 


laborator es 


trons, with adequate provision 


retirement 


othe r employ 


including pens. ons, 


placing staff 


Committee on H’gher Education in Britain 

THe Prime Min 
that Lord Robbins would be chairman of the com 
mittee to consider higher education in Britain, and 
reference of the were 
February 


ster announced, on December 20 


committee 
11, p. 427) 


have now 


the terms of 
announced (see Nature, 
of the 
Sir David Anderson, formerly 
Scremet and Tee h- 
Glasgow Dame Witt, Anderson, head 
mistress. North London Collegiate School ; Mr 
A. Chenevix-Trench, headmaster, Bradfield College, 
Berkshire ; Prof. J. M. Drever, professor of psych 
ology and lately dean of the Faculty of Arts, Kkdm- 
Mr. A. L. Elvin, director of the University 
Institute of Education Miss Helen 
professorial fellow, St. Hilda’s College, 
Sir Edward Herbert, an engineer, chairman 
Loughborough College of 


The members eommittee been 
announced. They are 
of the 


Roval Colleve ot 


nolo, a 


burgh 
of London 
Gardner, 
Oxtord ; 
of the govermng 
Technology and me mber of the Court of the University 
of Nottingham; Sir Patrick Linstead, 
the Lmperial College of Science and Technology, 
London : Sir Philip Morvis, vice-chancellor — of 
the University of Bristol; Mr. H. C. Shearman, 
vice-president of the Workers’ Educational 
ciation: Mr. R. B. Southall, general manager of the 
Llandarey (BP) refinery, Swansea 


body of 


rector ot 


Asso 


sk 
| 
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& 
i 
4 
| 
ee 


532 


Research Expenditure on Fisheries 


THE report of the committee of imquiry imto the 
fishing industry, of which Lord Fleck was chairman, 
laid emphasis on adequate finance being available 
for scientific and industrial research bearing on the 
industry. In moving the second reading of the 
White Fish and Herring Industries Bill in the House 
of Commons on January 31, the Minister of Agricul- 
ture, Fisheries and Food, Mr. C. Soames, said that the 
Bill not prompted by the Fleck report, to 
implement which would require major legislation and 
detailed consultation before such legislation could 
be drafted ; and the importance of research for the 
fishing industry was stressed. Mr. J. H. Hoy sug- 
vested that if the normal fishing grounds were con 
tracted, research directed towards the discovery 
of new fishing grounds should be undertaken: and 
Capt. M. Hewitson inquired specifically whether the 
possibility of fishing grounds off the coast of Ghana 
had been investigated. He thought thx prospects of 
industrial fishing in that area were unlimited. Sir 
William Duthie also strongly urged adequate research 


Wiis 


to remove as much guesswork as possible from fishing, 
particularly as regards the incidence of shoal migra- 
tion, and suggested that in this way we could find 
the answer to the depletion of the herring shoals 
in the North Sea. Other speakers agreed that, as the 
Fleck Committee pointed out. the fishing industry im 
many lags behind other industries in the 
adoption of modern equipment, methods and organiza- 
tion; but it is recognized that the 
of research is closely linked with the economic aspects, 
since the application of its results 
involved large capital expenditure, 
resources of the small owner. 


aspects 
also 


question 


increasingly 
beyond the 


Mr. H. Hughes, who quoted the estimated tigure of 


£1 million for expenditure by Britain on fisheries 
1959 60, with a further £250,000 for 
research into handling and processing fish, referred 
also to the view of the Fleck Committee that a much 


research im 


more intensive research effort could profitably be 
directed exploiting more effectively the 
resources of the sea, and that to keep pace with 
changing conditions, the industry should devote a 
substantially greater sum to the development of 
umproved catching and processing 
Questions raised in the debate relating to the closing 
of one of the three research stations at Aberdeen led 
the Secretary of State for Scotland, Mr. J. S. Maclay, 
to be at some pains to explain that the station which 
had sold to Unilever, Ltd., which would 
continue research there, was the Ministry of Agricul- 
ture, Fisheries and Food Experimental Food Station, 
which was not primarily a fishing research station. 


towards 


techniques. 


bev nh 


The Marine Life Laboratory of the Department of 


Agriculture and Fisheries for Scotland, adjacent to 
the Department of Scientific and Industrial Research’s 
research station at Torry, are both continuing and 
cover research mto fish and the sea, biology, hydro- 
yraphy the and 
commercial fish stocks 


and abundance 


Telephone Services in Britain 


IN opening a debate in the House of Lords on 
February Il on the Post Office Telephone Service, 
prompted by the White Paper (Cmnd. 973) on 
Post Office Capital Expenditure, 1960-61, Lord Crook 
said that there are at least six main reasons why a 
steady figure for capital investment is essential for 
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the telephone service. One of these is a steady 
research programme, and this is closely related both 
to the telecoinmunicetions industry and to the growth 
of electronics in the world of the telephone, where, 
Lord Crook believes, Britain is in danger of losing a 
great market. He questioned whether the Dollis 
Hill Experimental Establishment has been allowed 
to get ahead fast enough and given sufficient oppor 
tunity and finance. It is important, he said, to realize 
that the telephone service earns money, mternally 
in industry within Britain, and also in respect of 
exports. The Earl of supporting much 
that Lord Crook had said, added that the telephone 
ervice in Britain is backward because we have not 
put sufficient capital into the manufacture of tele 
phone equipment and have not ensured for the 
Post Office the normal programme of capital develop 
ment that any large business enterprise requires. 
Replying for the Government on the debate, Lord 
St. Oswald assured the House that no limitation has 
been placed on research for electronic exchanges 
hecause of shortage of capital investment. It has 
been deliberately decided to employ different tech 
niques in different functional sections of the experim 
ental exchange at Highgate Wood, so that their 
merits can be compared from all points of view 


Listowel, 


the ultimate aim is an economic standard electronic 
exchange. Lord St. Oswald claimed that work is 
proceeding at high to produce improved 
designs, so that British industry can retain its position 
in the forefront of telecommunication development 
and be able to offer in world markets electronic 
exchanges fully competitive with those of any other 
manufacturers. He pointed however, that 
development is not solely for export, and a besetting 
problem generally is the comparative lack of enthu 
siasm among telephone subscribers for anvthing new 
The average residential telephone user makes less 
than one call a day on his instrument, and even putting 
together, the 


pressure 


out, 


and residential subscribers 
average is only 530 a year, compared with between 
1,000 and 2,000 in Sweden, Canada and the United 
The Post Office, in conjunction with the 
University of London, has recently instituted a joint 
research programme into the sociology of t lephone 


business 
States. 


Research on Mental Hea'th in Britain 


Tue Minister of Health, Mr. E. Powell, in a written 
answer in the February &. 
stated that after completing its full-scale review ot 
mental health research early in 1959, the Medical 
Research Council established a new committee on 
clinical psychiatry, under Sir George Pickering as 
chairman, and one on the epidemiology of mental 
disorders, with Sir Aubrey Lewis as chairman. Each 
committee has appointed working parties to study 
special aspects of its field, such as the psychopathic 
personality, the value of drugs in psychiatry as 
assessed by clinical trials, and the use of national 
statistics of mental disorders. Of the total funds 
available to the Council for the past five vears, the 
percentage spent on mental health research was as 
1956-57, 2-3: 1957-58, 1-8; 1958-59, 
1960-61, 


House of Commons on 


follows 
1959 60, 4-4: 


Rostherne Mere, Cheshire, as a Nature Reserve 


{OSTHERNE MERE and some surrounding woodland 
in north Cheshire have been presented to the Nature 


aa 

{5 

= 
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Conservancy by the executors of the late Lord 
Kgerton of Tatton, in accordance with his wishes. 
The area is to be declared a National Nature Reserve. 
Thousands of ducks which have learned to rely on 
the Mere as a sanctuary will thus continue to have 
the during Lord Egerton’s 
lifetime. The neighbouring Tatton Park, with its 
meres, having already been handed over to the 
National Trust and the Cheshire County Council, 
will provide for the recreational needs of the public. 
The area given to the Conservancy consists of 195 
acres, und a nature reserve agreoment with the new 
owner and the farmers of land immediately overlook 
ing the Mere will cover an additional 183 acres. The 
hydro-biology of the area is of great interest and its 
supreme value as a winter resort for wildfowl, as 
well as a breeding-place for certain aquatic birds, 
is partly due to the strict control over access and 
disturbance maintained by the late Lord Egerton. 
In spring and autumn many migrant birds may be 
seen there resting on passage, and some rare species 
have been recorded. The late A. W. Boyd carried 
out numerous and detailed observations there for at 
least forty vears and his work has made a great 
contribution to our knowledge of its bird fauna, which 
his friends hope to commemorate by building an 
observation post overlooking the Mere. 


strict protection given 


Peak_District National Park 


THE third of the official guide books to Britain’s 
National Parks has been prepared by the Peak Park 
Planning Board in association with the National 
Parks Commission, under the editorship of Patrick 
Monkhouse (National Park Guides, No. 3: Poak 
District. Pp. viii +90+4-26 plates. London: H.M. 
Stationery Office, 1960. 5s. net). Among the author- 
itative contributors is Lt.-Col. Gerald Haythorn- 
thwaite, who deals with the building traditions to 
be found in the Peak. Other contributions describe 
the geological structure and scenery of this National 
Park, its animal and plant life, and the marks made 
by man’s occupation of the land since early times 
There are also chapters on farming and industry in 
the Park to-day, as well as an account of the work 
done by the Peak Park Planning Board in preserving 
the beauty of the varied landscape and promoting 
its enjoyment. That the facilities of the Park are 
appreciated is shown by the way natives of grim 
industrial areas like South Lancashire, North Stafford- 
shire and Sheffield seek solace in its open spaces. 
The guide book contains a gazetteer of places of 
interest which would be especially appreciated by 
Visitors. 


Changes in Sea-Level recorded in New Zealand 


Hutron’s doctrine that the present is the key to the 
past has been taken increasingly to heart by geologists 
in recent years. The sedimentary processes operating 
on the continental shelves and in various intertidal 
environments have received widespread attention 
since the War. Before older sedimentary rocks can 
be interpreted in terms of the Holocene, however, 
it is necessary to allow for any deviations from the 
norm which may have resulted from the Pleistocene 
glaciation. In particular, small changes in sea-level 
can influence sedimentation profoundly, and it is 
essential to determine any changes that have occurred 
as accurately as possible. Further evidence concern- 
ing world-wide fluctuations has recently been brought 
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to light. In northern North Island, New Zealand, 
J. C. Schofield (N.Z. J. Geol. and Geophys., 3, 467 ; 
1960) has been able to trace a number of elevated 
chenier ridges and to date the origin of several by 
radiocarbon determinations on The area is 
believed to have been tectonically stable since the 
end of the Miocene period, so that the levels of the 
ridges may be interpreted in terms of changes in sea- 
level. Neglecting minor changes, the sea-level appears 
to have fallen 7 ft. from about 2000 B.c. to the begin- 
ning of the Christian and to have remained 
relatively stable since then. The changes correlate 
favourably with transgressional recorded 
in Europe. The present rise of 8-9 in. a century may 
well be only a minor fluctuation in what is now an 
essentially stable ocean-level 


shells. 


era, 


periods 


Hatfield Technical College 


As from September next Hatfield Technical College 
will be renamed Hatfield College of Technology. 
Three departments of engineering have recently been 
formed, namely: the Department of Mechanical 
and Aeronautical Engineering (head of department, 
D. R. Samson); the Department of Industrial 
Engineering (head of department, J. D. Smith) ; 
the Department of Electrical Engineering (head of 
department, B. F. Gray). It is also announced that 
Dr. R. F. Robbins has succeeded Dr. Fred. Lester as 
head of the Department of Science. 


The Institute of Metals 


Tue Council of the Institute of Metals has made 
the following awards of medals for 1961: Institute 
of Metals (Platinum) Medal, to Major C. J. P. Ball, 
chairman of Magnesium Elektron, Ltd., in recogni- 
tion of his outstanding services to the non-ferrous 
metal industries and, in particular, to the magnesium 
industry ; Medal, to Dr. P. B. Hirsch, 
of the Cavendish Laboratory, Cambridge, in recogni- 
tion of his outstanding contributions in the fields of 


Rose nhain 


physical metallurgy and metal phys:es. 

The following have been elected officers and mem- 
bers of the Council of the Institute of Meta!s : presi- 
dent, Prof. H. O'Neill (head of the Department of 
Metallurgy, University College of Swansea, Univer- 
sity of Wales); past-president, Sir Ronald Prain 
(chairman and president, Rhodesian Selection Trust, 
Ltd.) : vice-presidents, Mr. W. F. Randall (deputy 
chairman and managing director, Telcon Metals, Ltd.) 
and The Right Hon. The Earl of Verulam (chairman, 
Enfield Rolling Mills, Ltd.) ; ordinary members of 
Council, Mr. N. I. Bond-Williams (managing director, 
the Aston Chain and Hook Co., Ltd.); Prof. 
A. H. Cottrell (Goldsmiths’ professor of metallurgy, 
University of Cambridge); and Mr. G. A. Rider 
(deputy managing director, Birmid Industries, 
Ltd.). 


University News : Birmingham 


Tue Ford Foundation has given the University a 
grant of 440,000 dollars to support # programme of 
research extending over the next fifteen years in the 
Department of Anatomy into the reproductive 
physiology of monkeys. The Department has been 
made the recipient of this benefaction 
under the direction of Sir Solly Zuckerman, work of 
this nature has been one of its main interests for 
many years. 
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Tue following titles in respect otf the posts or cupied 
Sir William Collins professor 
Mr. G. W. Causey 
Sciences); reader in 
physiology on Dr. F. R. Bell (Roval 
Veterinary College) ; reader in anatomy on Dr. A. S 
Breathnach (St. Mary's Hospital Medical School) : 
reader in geography on Dr E. H. Brown (Universit, 
College): reader in clinical rheology on Mr. D. G 
Melrose (Postgraduate Medical School of London) : 
in chemical engineering on Dr. J. W. Mullin 
College) 


have been conferred : 
n the University on 
(Institute of Basie Medical 


of anatomy 


vetermary 


reader 
University 
Southampton 

Atomic 


been elected 


the late Sir 


director of the 
Herwell, has 


suecession to 


Basin SCHONLAND, 


uy Re h 
ro-cha 
ra 


mior neellor im 


Hemry 


‘Fatigue Straining of Copper Whisker” 
written with 
188, 1185 

The 
hould be kgm. mom.?. 
3 should 
phrase with the whisker encastered in dipheny! 
present phrase 


rereremce 
(1960) 


ErsNER has 
in Nature, 


De. Epwarp 


to the 
uunits 


The 
the 


clirectimyg attention to 
in paragraph | 


of parag aph 


oft stress 
contam 
carbazide glass instead of the 
his is intended to convey that a part of the whisker 
at one end was embedded in the glass, so that that 
portion of the whisker was rigidly held, approximately 
normally to the the The 
part of the last sentence of paragraph 7 should read, 

it afterwards withstood 10° eveles at O-1-1 per 
cont and 10® eveles at 0-1-7 strain, andi it 


kinked after 10° eveles at 0 2-3 per cent stram 


glass second 


surtace of 


r cent 


Announcements 

Me. Denzu 
Bas ngstoke, has 
Secretary to the Minister 
n the House of Commons for the Lord President of the 


Parliament foi 
Parliamentary 
and will answei 


FreeTuH, member of 
appointed 


tor Secrenec, 


Council and the Minister for Science. 


Epwarp AprLeton has been awarded the 
Gunning Victoria Jubilee Prize for the period 1956-60 
of the Roval Societ v of Edinburgh for his 


contributions to ionosphe rie and radio phy 


SIR 


distinguished 


Mr. Brian G. Ropsts, secretary of the Institution 
of Mechanical and 
will be succeeded by Mr. Kenneth H. Platt, at present 
Mr. Platt, who 
has been 


Engineers, to retire on June 1 
deputy secretary of the Institution 


a graduate of the University of Glasgow, 
associated with engineering education and traiming, 


both in industry and with the Ministry of Education 


Tut Fre neh Government 
scholarships for further study or research in France. 
lhe grants will be given for periods of 3-10 months 
during the academic 1961-62. Candidates should 
hold a degree or equivalent qualification Applica 
medicine will be 


s offering again this year 


youl 


tions from graduates im science or 
(pplication forms and further 
nformation can be obtained from the Scientific Office, 
French Embassy. 22 Wilton Crescent, London, 8.W.1. 
The closing date for application is March 16. 


particularly weleome. 


Tue Trustees of the Ramsay Memorial Fellowships 
frust will consider in June applications for a Ramsay 
Memorial Fellowship tor advanced 
chemistry. The value of the fellowship will be £700 


students of 


February 18. 1961 


per annum, to which may be added a grant fo 
expenscs of research not exceeding £100 per annum, 
and it will normally be tenable for two years. Com 
pleted application forms must be received by the 
Honorary Memoria! 
Fellowships Trust, University London 


Ciower Street, London, W.C.1, not later than April 17 


Joimt Secretaries, Ramsay 


Colle ye 


Ture Institute of Physies and the Physical Society 
arranging a conference on “Paleomagnet ism”, to 
be held at Durham, 
Newcastle Furthes 
information can be obtained from the Adrministrative 
Assistant, Physics Department, King’s College, New 


castle upon Tyne 


University of 


upon Tyne, during April 20-22 


King’s College, 


Host 
Henry 
May 
frou 
Secwre 


AN international symposium, entitled 
Tumour Interactions’, is to be held at the 
Ford Hospital in Detroit, Michigan, during 
18--2¢ Further imformation obtained 
Dr. Michael J. Brennan, Oncology 
tary, Symposium on Host Tumour Interaction 


Henry Ford Hospital, Detroit 2, Michigan 


Ture Unesco South Asia Science Co-operation Ottis 
is orgaruzing @ rey onal seminar on “Serentifie Doeu 
mentation’, during Mareh 7 16, at the Indian 
National Scientific Documentation Centre, Na onal 
Physical Hillside Road, New Delhi 
Further obtained from Unesco 
South Asia Science Co-operation Office, 21 
Road, New Dethi. 

Tue Council for British Archeology is organizing a 
Archeology by 
with Dr. J. © 
Ceophysies. 
will be 


can be 
Divis on, 


Laboratory, 
information ean be 


Curzon 


conference on “Prospecting in Geo 
physical Methods” in 
Belshe, Depart ment of Geodesy 
University of Cambridge. The 

held in the Institute of Archwology, 31-34 Gordon 
Square, London, W.C.1. during March 4-5. Further 
be obtained from the Council for 


10 Bolton Clardens, London. 


collaborat ton 
and 


eonterence 


information can 
British Archeology, 
S.W.5 

A pISCUSSION conference on “Scrence and Educa 
tion’ is being arranged by the Association of Scient itic 
Workers, Teachers in Technical 
Institutions, Association of University Te achers, 
National Union of Teachers and Masters 
Association. and will be held at the Mahatma Gandhi 
Hall in London on March 11. 
with the conference should be acddresse 
on of Sejentifie 


Association of 
science 
Correspondence in 


the Conterence Secretary C/O Associa’ 
Workers. 15 Half Moon Street, London, W.1. 

symposium on for the 
is to be held in the University 
is being organized 


A ONE-DAY “Computers 
Chemical Engineer” 
of Birmingham on March 28. It 
bv the Graduate Section of the Birmingham Univer 
sitv Chemical Engineering Society and the Graduates 
and Students Section of the Institution of Chemical 
Midlands Centre. Further information 
can be obtained from the Reyistration Secretary. 
Department of Chemical Engineering, University. 
Edgbaston, Birmingham, 15 


Engineers, 


WRITING with reference to the communication 
entitled “Spontaneous Cytomegalic Inclusion Body 
Disease involving Lacrimel Glands of Caesarian 
derived (so-called) Pathogen-free Nature 
188. 506 (1960), Dr. Hans Meier states the animals 
used were not _ra’sed in the Roscoe B. Jackson 
Laboratory”, but in the laboratories of the Children’s 
Cancer Research Foundation, Boston, where the 


work was carried out 


fats", in 


; 
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THE 1961 EXHIBITION OF THE INSTITUTE OF PHYSICS AND THE 
PHYSICAL SOCIETY 


HE forty-fifth Annual Exhibition of Scientific 

| Instruments and Apparatus held in the Old and 
New Halls of the Royal Horticultural Society in 
London during January 16-21 was the first since the 
amalgamation of the Institute and the Society. By 
continuing in its established tradition, it has incident 
ally managed to conform with ancient precedent, 
for the sixth King James of Scotland also suffered 
no change of character on becoming the first of a 
united body. It was propitious that the activities 
and publications of the Institute and Society were 
displayed conspicuously on an attractively arranged 
stand, and many visitors must have been glad of this 
opportunity to make a closer acquaintance with their 
host. From the point of view of learning about new 
developments, it was a very good exhibition. The 
footnote ‘demonstration’ in the catalogue usually 
meant not just that a device would be working, but 
that an experiment to explain its principle or its uses 
had been mounted. Things progress so fast nowadays 


that even the term ‘trend’ would be out of place (if 


it has not already been registered to name a detergent, 
anyway) ; and the uninitiated can only hope to sense 
what is more like a rate of increase of acceleration. 
Ths seemed steepest in fast-operating elements for 
instrumentation for thermonuclear re- 
search, and micro-wave amplifiers, all directed 
towards the future; and in physics applied to 
archeology, using nuclear and other techniques for 
raking up the past. 

Several stands exhibited devices incorporating the 
made of germanium 


computers, 


new Esaki or ‘tunnel’ diode, 
antimonide or indium antimonide ; this operates by 
& quantum-mechanical tunnelling across the energy 
gap at a pn junction, and its chief virtue is high 
speed. Its uses in logic and memory circuits and 
for amplitude time discrimination were shown. The 
Royal Radar Establishment illustrated the behaviour 
of a tunnel diode in a magnetic field, which alters the 
Microminiatur- 


energy gap and reduces the current. 
up from 


ized solid circuits, and also circuits built 
thin films, were displayed. Among new ceramic 
materials were those designed for capacitors, high- 
temperature ceramics of the silicon nitride and silicon 
carbide type, and ceramic elements for electro- 
luminescent panels. 

Thin magnetic films, using material of the perm- 
alloy type, are made for information storage and 
millimicrosecond switching elements. Two firms 
demonstrated apparatus for determining the hys- 
teresis loops of thin films, and for observing the 
domain boundaries visually by means of the Kerr 
magneto-optical effeet. The General Electrie Com- 
pany showed how the easy direction of magnetization 
can be determined, and also a device for testing 
magnetice-fihm matrix elements under simulated com- 
puter conditions. 

How to deal with the 14-MeV. neutrons resulting 
from the (D,T) reaction is one of the problems of 
the thermonuclear investigators, and three neutron 
14-MeV. neutrons by bom- 


venerators producing 
targets with 100-kV. 


barding tritium-containing 


accelerated deuterons were either 
pulsed or steady operation. These will enable studies 
of this interesting product of the (D,T) reaction to 
be made at high flux without having to 
operate Sceptre and such-like as sources. Associated 
Industries, Ltd.. of Aldermaston, showed 
thermonuclear 


displayed, for 


densities 


Electrical 
a data-processing 
research, following the fluctuations of an unstabilized 
discharge in a glass torus, intended to study what 
goes on in Sceptre itself. 

Amplification of various kinds was featured in 
Five-stage optical image intensifiers, 


system for 


many exhibits. 
using secondary emission from thin-film dynodes and 
amplifying up to 100,000 times, represent one aspect ; 
and there were many micro-wave low-noise and other 
amplifiers. Standard Telephones and Cables, Ltd., 
illustrated the principle of the parametric amplifier 
by a mechanical analogue; and there was a para- 
metric amplifier for ultra-high frequencies which 
operated after frequency conversion down to the 
X-band. T learned from a physicist working in this 
field that the maser of the future for satellite and space 
work is the travelling-wave tube—of the immedi- 
ate future, that is. Production types of travelling- 
wave tubes were shown, and the Services Electronics 
Laboratories had a high-power version 


Research 
This establishment 


which operated at about 5 kW. 
also had a cyclotron wave-amplifier (Adler tube) ; 
and Associated Electrical Industries, Ltd., featured 
what was called a quadrupole electrostatic cyclotron 
wave-amplifier, which has not so far reached the 
stage of being a low-noise device. 

Fundamental physics was exhibited in the demon- 
stration arranged by the Atomic Energy Research 
Establishment of the Méssbauer effect, in which the 
y-rays emitted by one transition in an excited iron-57 
nucleus are absorbed by a different transition in an 
iron-57 target moving at a suitable relative velocity, 
the resonance being displayed on a velocity spectro- 
meter. Among the exhibits from the National 
Physical Laboratory was a new absolute radiometer, 
determining radiant power in terms of electrical 
power. What might almost be called ‘unfundamental 
physics’ was shown in a piece of intriguing hydro- 
metry, which used a thin-walled transducer vibrating 
within a liquid to determine the density of the liquid 
to better than 1 per cent—valuable for the particular 
kind of instrumentation that it was aimed to do, of 
course, but a long way round in principle. 

Magnet ometry was represented by proton-resonance 
magnetometers ; one by Mullard, Ltd., adapted to 
control the oscillator at what the deseription con- 
sistently and nostalgically called the “Lamour fre- 
quency”, and another as part of the comprehensive 
exhibit of the Research Laboratory for Archeology 
and the History of Art, Oxford, where one would 
have liked to spend a good deal longer learning about 
the highly ingenious stratagems used to detect buried 
buildings and pottery by measuring the small changes 
they produces in the ambient magnetic field and its 
vertical gradient ; it was amazing to learn that the 
real source of this change is in many cases the result 
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of a slight alteration in the magnetic properties of 
clay produced by firing. The Signals Research and 
Development Establishment demonstrated a rubi- 
dium-vapour magnetometer, which is best described 
as the optical-pumping (or ‘photon-spin pumping’) 
device working in reverse. The effect of a magnetic 
field, which s« parates the otherwise degenerate apin- 
levels by an extent proportional to this field if it is 
small, is used to measure the strength of the field. 
A perpendicular radio-frequency field is 
adjusted to the energy difference bet ween the pair ot 
levels which have been population-inverted (that is, 


Thagnetic 


to the Larmor frequency when the system starts to 
operate maser-wise, a state that is detected by the 
strong absorption of the pumping beam of circularly 
polarized rubidium light). Thus, imstead of 
tuning to a given radio-frequency by altering the 
field, the system is tuned to the ambient field by 
altering the frequency. This is sufficiently sensitive 
for geomagnetic observations, and may possibly be 
applied to aerial and space magnetic surveys ; indeed, 
the actual apparatus was too sensitive to work in the 
disturbing fields of the Hi H, and was planted out on 
the Westminster School playing-field. 
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These are the impressions of a day's visit; a 
proper appreciation would have needed the full five 
days, and some considerable preparation beforehand. 
There was much that I missed, and one highlight in 
the form of a miniature lighthouse with a brilliant 
source that I even failed to identify properly. The 
exhibits from various laboratories of the 
Department of Scientific and Industrial Research 
were representative of the wide variety of tasks they 
The Science Musewm had two exhibits. 
there were six 


research 


undertake. 
one ancient and one modern, 
contributions from university departments ; it would 
add further facets to a brilliant occasion if we could 
see, among all the new tools for research and develop 


and 


ment, more of the new apparatus designed at the 
universities for their practical classes and demon 
strations, and at the Science Museum for the instruc 

tion of the general public 
Evening were during the 
hibition by F.S. Burt, on “Hydrodynamics Research”; 
by Dr. G. E. R. Deacon. on “The Physics of the 
Ocean”; and by Dr. F. P. Bowden, on 
Physical Problems in Travelling at Supersonic Speed 
R. NOAKES 


discourses piven Ex 


“Some 


CALORIE BALANCE IN MAN 


"ta one hundred and thirty-seventh meeting of 
the Nutrition Society was held in the Middlesex 
Hospital Medical School on December 17, and took 
the form of a symposium on ‘Calorie Balance in Man”. 
Perhaps it was optimistic to expect a symposium, 
continuing from 10.15 a.m. to 4.30 p.m. on the Satur 
day a week before Christmas, to be popular. In fact. 


it was a well-attended meeting with an audience of 


more than 100 The chairman was Sir Charles 
Dodds, 

Not 80 
Balance’ would have been an unlikely topic for 
such a symposium. Interest in calories, at least in 
relation to human energy, was at a low ebb scienti- 
fically and a rather naive idea was prevalent that 
little new discovered in this field. 
Far from this be ing the case, a most notable Impression 
gained from the speakers at this symposium was the 
dearth of information 

lack of the 
about many human energy metabolism 
were mentioned in relation to some of the ‘Basic 
Physiological Factors affecting Calorie Balance’’, the 
title of the paper by Dr. J. V.G. A. Durnin (University 
Part of the 
balance’ arises because of the difficulty of assessing 
methodological aeecuracy there is no 
knowing whether the intake of calories or the expendi- 
ture of energy represents the ‘normal’ or usual state for 
the individual subject. He, or she, may be eating 
more or less, during the experimental study, than 
be the case, or the level of energy 

altered. Since it is extremely 

difficult under field conditions to carry out such 
measurements over a period of more than a few 
days, theoretically possible way of 


many years ago the subject of “Calorie 


remained to be 


reliable relevant 
mformation and 


great 
The 


THisconception 


aspect s of 


of Glasgow) complexity ot calorie 


sure 


would normally 
expenditure may be 


one finding a 
departure from the normal would be to measure a 
change of weight in the subject. Part of this paper 
and a large part of the discussion were devoted to 
the weight, and Dr. Durnin showed 
results for weighed under highly stan- 


balance of 


young men, 


way of 


dardized conditions, where their gross body-weigdit 
changed by up to 3 Ib. (1 4 kgm.) from day to day 
Such changes, presumably almost entirely due to 
alterations in the fluid content of the body, mak: 
the weighing of subjects quite worthless in regard 
to the balance of energ: 

Other factors dealt with were often 
discussed emotionally rather than rationally), climate. 
age (growth in the young and inversion of growth 
in the old) and the efficiency of utilization of food 
by the body. 

That most of us do not normally attain balance of 
energy from day to day was shown clearly by an 
analysis on the results for 69 individuals, where only 
4 subjects had a significant correlation between their 
intake and output of energy our ‘appetite’ is a 
fickle mechanism. 

Calorie balance is probably a long-term control, 
which may be effected by centres in the hypothalamus 
responding to changes in the fat depots of the body 
and then influencing the general level of food intak 
and perhaps even of bodily activity. In this control, 
tho reticular activating system of the brain stem, 
the limbic system and the hypothalamus may act 
This was suggested by Dr. G. C. Kennedy 
(University of Cambridge) in his paper ‘Central 
Nervous Regulation of Calorie Balance”. The 
importance of exercise was stressed, both in relation 
much work on 


{so 


exercise 


together. 


to man and to studies on animals ; 
rats or mice is not comparable because of varying 
levels of physical activity resulting from restrictions 
imposed by some types of animal cages. Similarities 
between a 42 stone (267 kgm.) obese patient and 
experimentally obese rats were shown by both the 
astonishing hyperphagia and also lack of resentment 
or discomfort when food was restric ted They Were 
also alike in their inactivity 

It has been the custom, at certain levels of medical 
therapeutics, to treat obesity as if it were primarily 
an endocrine disorder and give the patient mixtures 
from various endocrine glands 


of tissue extracts 
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Phe traditional blame attached, by many clinicians, 
» the endoerine system in the causation of obesity 
as repudiated by Dr Raymond Greene (London) 

The Effects of the Endocrine System on Calorie 
Balance in Man” The endocrine glands 
ere considered in brief. abnormalities of some of 
modifications in the 
the occasionally obesity 

concomitantly with endocrine pathology 
rarely, he thought. is hormonal disorder of any 
Dr. Greene that a 
wore interesting discourse, rather than the pres ribed 
the influence of nutrition 


several 


with 
body 


hem being associated 


content of 


suggested 


might have been on 


on the endocrine sVster 

Within recent years some changes in outlook on 
the nature of fat metabolism have been apparent. 
It has been suggested, although not always with 
onvincing experimental ev idence, that the fat depots 
far from inactive tissues and indeed 
Their nerve 
although 


the body are 
ire continuously mobilized. 
supply is stated to be extensive, 
ost histologists appear to have some difficulty im 
nding many nerve endings, as opposed to nerve 
libres, im adipose tissue Prof. A. Kekwick and his 
olleagues have been engaged in studying the “Meta- 
olism of Adipose Tissue”, the subject of a paper by 
Lr. T. M. Chalmers (Middlesex Hospital, London). He 
vgested that free fatty acid and not glucose might 
ie the principal energy substrate, because of its 
rapid turnover in the plasma. The fat mobilizing 
substance, found in the urine of fasting men, might 
have some physiological role ; urine 
upparently depends on carbohydrate metabolism, 
this being demonstrated in one obese patient treated 
ith equicalorific diets contamime varying amounts 


being 


its release in the 


ol carbohydrate. 

The second half of the meeting began with a paper 
Expenditure and Calorie Intake in 
by Dr. O. G. Edholm (Medical Research 
In a series of 6 surveys, on 54 
energy 


on “Energy 
Young Men 
Couneil, London) 
Army reeruits. he had found variations im 
xpenditure of from 2,200 to 6,100 kealories ‘day and 


of intake from 671 to 8,750 kealories day, with means 


WATER IN 


of water. and in Australia, as in few other 
countries, future development will depend on using 


An important step im 


NV AN’S existence depends on an adequate supply 
a 


water resources to the full 
the utilization of water is the understanding of its 
properties, and the Victorian Branch of the Royal 
Australian Chemical Institute found no difficulty in 
attracting some fifty scientists from four Australian 
States. whose interests ranged from engmeerimg to 
biology, to a three-day discussion on this broad topic 
The meeting Warlurton, Victoria, im 
late November. 

In the opening talk Dr. J 
strueture of hydrates and of ice 
to the loosely packed structure of liquid water im 

hich the molecules are prevented from coming mto 
closest proximity by tetrahedrally arranged hydrogen 
Each pattern of hydrogen bonds PeTsists for 
periods of the 10 '? see The theory of 
Pople, based on this pieture, require 
water molecule to have 4 nearest neighbours, 12 next 
nearest and 36 third nearest, whereas the correspond- 


was held at 


A. Barker reviewed the 
as an introduction 


bonds. 
order of 


would each 
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of about 3.800. The lack of agreement between 
calorie balance and the weight balance of the body 
Was again stressed, when these were measured over 
There is not sufficient mtorm- 
ation at the effect, if any, of 
severe cold on Work carried ot 
in the Antarctic has shown that men put on weight 
in the winter and lose weight in the summer; this 
might be due to climatological factors, but equally 
well might reflect different social circumstances. 
The amount and the rationale of the extra “Calorie 
Requirements in Pregnancy” were discussed by Th 
A. M. Thomson and Dr. F. Hytten (University of 
Aberdeen). From series of several Iuundred 
healthy primipare studied in Aberdeen, it seemed 
that an average of about 4 kgm. of fat was added to 
the mother’s tissues by the time pregnancy ended. 
This ix almost certainly physiological, and is required 
to help the mother in the needs of lactation ; however, 
if breast-feeding is becoming much less common, as 
appears to be true in Western this extra 
gain in weight may predispose to future obesity. The 
authors emphasized the small amount of experimental 
information on the exact increase in food taken during 
pregnancy and the degree of the changes, if any at 
all, in the amount of physical activity oft the woman ; 
this has a considerable bearing on any extra allowance 


periods of a few days. 
to determine 
balance 


present 
calorie 


socreLy, 


recommended 

From the interesting paper by Dr. E. M. Widdowson 
(University of Cambridge) on “Energy Balance im 
Early Life’, new-born babies are frequently subjected 
to considerable stress by deprivation of food. When 
this happens, the fat stores of the body are quickly 
used up, particularly if the baby is required to 
maintain a high metabolic rate. This will be neces- 
sary if the environmental temperature does not fall 
within the critical range 32-35 C Babies appear 
to be as variable in their energy expenditure as 
adults, and it seems unphysiological to expect all 
babies to require similar quantities of food. 

The discussion of the papers was relevant, inter- 
the meeting was a most 


prolonged ; 
one J. V. G. A. DURNIN 


esting and 


successful 


AUSTRALIA 


ing figures obtained from analysis of X-ray diffraction 
data are 4, 11 and 22. Dr. Barker contrasted the 
anomalous properties of water that result’ from this 
structure—the decrease in solubility of gases with 
increasing temperature, the high negative temperature 
coefficient of viscosity— with the properties of more 
normal liquids in which the molecules are closely 
packed. 

Evidence consistent with this structure was pre 
sented by Dr. 8. D. Hamann, who deseribed some of 
the effeets of pressure on the properties of water and 
showed how many of the anomalies disappear as the 
molecules become close packed ut pressures yvreater 
than 2.000 atm. Thus with increasing pressure the 
thermal expansion of water became ‘normal’, its 
sound absorption decreased as pressure broke down 
its atructure, and its dicleetric decreased. 
Measurements of the conductivity of water under 
pressures up to 130,000 atm. had produced mereases m 
ionization so that its conductivity equals that of a 
»-N solution of hydrochloric acid. Pressures of this 


wrder are probably reached at depths of 400 km. in 


constant 
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the Earth and the enhanced ionization therefore has 
mteresting geophysical implications. 

Dr. P. W. Posener showed how microwave spectro- 
scopy could be used to fill in details in the above 
broad picture. 

Considerations of the electronegativity of the 
oxygen atom in water and hydrates, in both the 
normal and excited states, led Dr. J. F. Duncan to 
certain novel and controversial generalizetions on the 
oxidation properties of water. Subjects as diverse 
as the thermodynamic properties of aqueous ions, the 
radiolysis of water and the kinetics of aquation 
reactions could be described semi-quantitatively. 

Prof. R. C. L. Bosworth reminded the meeting of 
the experiments of Nukiyama on the boiling of water, 
first described in 1934 but disregarded for some 
fifteen years. A study of boiling produced by a heated 
platinum wire immersed in water, relating the heat 
input to the temperature of the wire, revealed three 
distinct zones of boiling, sometimes with discon- 
tinuities between them. The phenomena described 
by Prof. Bosworth clearly have important practical 
implications for the design of boilers and heat 
exchangers. Dr. K. L. Sutherland suggested in 
discussion that the variation of contact angle with 
applied potenti | that had been observed by Frumkin 
could perhaps be used in controlling boiling. By 
causiy an applied potential to fluctuate at a pre 
determined rate it might be possible to alternate the 
periods of bubble formation (large contact angle) with 
those of bubble release (zero contact angle). 

Dr. G. F. Walker described some vermiculite 
butyl ammonium ion complexes, their swelling in 
water, and the intriguing behaviour of their swollen 
forms. The 10-A. thick silicate layers, 4 mm.? in 
area, reoma’ned parallel to each other even at inter- 
layer spacings up to 600 . The interlayer spacing 
depended on the concentration and type of cations 
present and could be varied reversibly under the 
influence of an electric potential. The phenomenon 
lacks, as yet, a full theoretical explanation and 
may have novel applications as a variable molecular 

Water in Australia’ was the topic chosen by Mr. 
L. R. East in opening the part of the meeting that 
dealt with conservation. Conservation in Australia 
poses special problems ; an average rainfall of 16-5 in. 
compared with the average of 26 in. for all land masses, 
the large area and small population, and the combined 
influence of the great variations of rainfall in good 
and bad years—and of the disastrous reduction of the 
proportion of rain-water finding its way into the rivers 
in years of drought. He contrasted the lack of a 
national water policy in Australia, in spite of signifi- 
cant nineteenth-century contributions, with that 
initiated in the United States by Theodore Roosevelt 
in 1901, when he stated that “The reclamation and 
settlement of arid lands will enrich every portion of 
our country. . : 

Mr. East discounted the possibility of affecting the 
climate of neighbouring areas by constructing large 
inland dams. In this he was supported by Dr. 
C. H. B. Priestley, who said that, although man had 
undoubtedly affected weather by his clearing and 
cultivation of millions of square miles, localized 
activities were unlikely to have an appreciable 
effect. He used measurements made over the 
Mississippi basin to illustrate the balance of water 
in the atmosphere and showed that up to 90 per cent 
of the rainfall came from maritime air and only about 
10 per cent from continental air 
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Mr. E. J. Smith brought the meeting up to date on 
the progress of rain-making research in Sydney, and 
pointed out the gaps which exist in the understanding 
of the nucleation process. In particular, he stressed 
the possible importance of the particle size of the 
nuclei as it affected their ability to promote ice- 
formation and their decay by photolysis and other 
mechanisms. 

Advances in evaporation control with cetyl alcohol 
were deseribed by Mr. W. W. Mansfield. For large 
areas of water the alcohol is dusted on to the surface 
by a grinder-duster, and from the particles a film 
spreads over the surface. Evaporation, under ideal 


circumstances, can be reduced by as much as 40 per 


cent. but the method becomes much less effective 
as the wind velocity increases. The cost, based on a 
test at Broken Hill, was one penny per thousand 
gallons saved. 

Two methods of reducing the salt content of water 
were described by Messrs. R. B. Cooper and L. S 
Herbert. Electrodialys s, described by Mr. Cooper. 
can be used economically to reduce the salt content 
of water from about 4-5,000 p-p-m. to 3-500 p-p-m 
The power needed may be between 9 and 40 kW.hr. 
1.000 gallons, depending on the salt content and on 
the flow-rate required. Mr. Herbert discussed some 
aspects of the distillation of sea-water and suggested 
possible techniques to improve the efficiency of the 
process, particularly im increasing heat transfer 
coefficients. The theoretical minimum energy for any 
such process is about 3 _kW-hr./1,000 gallons, but the 
practical minimum is about 12 kW-hr./1,000 gallons, 
a figure which is still far from realization With 
known technology it should be possible, on a suffiei- 
ently large scale, to produce fresh water for 88. per 
1,000 gallons and eventually, with improvements in 
technique, to reduce this to about 4s. per 1,000 
gallons. 

Mr. J. W. Legge considered the physical-chemical 
properties of water in relation to the origin and 
evolution of life, and to L. J. Henderson's views on 
the fitness of the environment. Knowledge of film 
stability on natural water surfaces could throw light 
on current controversy about the kinetics of the 
synthesis of primitive proteins. He outlined current 
biochemical views of the splitting of water in photo 
synthesis and the recombination of hydrogen and 
oxygen in the aerobie cells. 

The movement of water-solute through cell walls 
was related by Dr. L. R. Finch to the current picture 
of the membrane. The vesiculation observed in 
electron micrographs of thin sections, as well as the 
phenomenon of pinocytosis, involve, of necessity, 
changes in concentration at the interface. Accelerated 
metabolism of phospholipids could be shown to take 
place during such transport processes. 

A good deal of Jiscussion followed the contributions 
of Dr. J. R. Philip and Prof. J. H. Green, which were 
related to the theory and measurement of ground- 
water flow. Models for the process are complicated 
due to changes in the nature of the medium with 
water content, but Dr. Philip showed how they had 
been reduced to a tractable form by making use of 
the basic Navier-Stokes equations. Many were 
surprised by the high rates of ground-water movement 
which have been measured by observation of con- 
sciously and adventitiously added radioisotopes. 

It is pleasing to report on a conference which 
aroused so much discussion, both formal and less so. 
and from which so many new patterns of collaboration 
promise to emerge. 
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POLITICAL AND ECONOMIC PLANNING IN PAKISTAN 


BROADSHEET recently issued by Political 

and Economie Planning deals with Pakistan's 
second Five-year Plan*. After reviewing the first 
Five-year Plan, it describes briefly the size and 
objectives of the second Plan and the aims of the 
various sector programmes, concluding with a brief 
critique. The fundamental problem for the second 
Plan is, under severely limiting conditions, to liberate 
the people from the crushing burden of poverty by 
ensuring that the rate of growth of the economy 
exceeds the present 2 per cent annual increase in 
population. The second Plan, amounting to 1,900 
crore rupees, is about 75 per cent larger than the 
first, a real increase of about 50 per cent, and the 
methods used are a development of those employed 
in making the first Plan. Within the various sector 
programmes, priority is given to schemes already in 
an advanced state of preparation, or which have 
already been the subject of foreign government aid : 
the emphasis is on schemes designed to give quick 
returns through the better use of existing re- 
SOUTCES, 

Essentially the Plan seeks to make maximum use 
of the market mechanism, and to employ fiseal and 
monetary measures rather than direct controls. It 
adopts a pragmatic approach as between public and 
private development, with public investment supple 
menting, rather than displacing, private enterprise, 
and seeks to develop labour-intensive rather than 

apital-intensive methods, where a choice is feasible, 
according to the relative real secarcities of the factors 
of production. Only a limited call is made on the 
extra wealth of the community, as the economy pro 
gresses, for still further investment, and within the 
broad priorities of the programmes proposed a sub- 
stantial element of flexibilitv has been built into the 
Plan to meet unforeseeable changes. Of the numerous 
programmes, those aimed at developing education, 
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health and social welfare services (estimated to cost 
some 130 crore rupees), like the housing programme, 
would seem to be out of scale with the needs when 
judged by contemporary standards and are limited by 
the resources available. It may be observed that 
during 1960-65 it is proposed to improve existing 
social services and to inaugurate schemes for research 
and training social workers, as well as to attack 
vigorously such main diseases as malaria, tuberculosis, 
smallpox and leprosy, to improve greatly the existing 
schools in East Pakistan, provide more in West 
Pakistan and extend and improve the universities, as 
well as extend technical training. 

Although the second Plan is regarded as ambitious 
in the Broadsheet, and requiring devotion, intelli 
gence and hard work if it is to be applied effectively. 
it is not considered wildly of seale with the 
resources, foreign and indigenous, likely to be avail 
able. A great effort has been made to improve both 
the personnel and the systems of administration ; a 
new generation of administrators has been trained 
and is gradually displacing weak elements from senior 
positions, while there is sign that foreign 
managerial expertize is warmly welcomed. 
There is a critical shortage in skilled technicians of 
all kinds, and a good deal of dilution and improvisa 
tion will be needed as well as the full and most 
effective use of whatever foreign technical services 
may be available. By and large, it is difficult to find 
the Plan unsuitable, in any major respect, to Pak- 
istan’s needs to-day. There is justification for taking 
seriously the Govermment’s avowed intention to 
system of democratic government well 
suited to the conditions of Pakistan. The fact that 
the second Plan is prepared to tackle the thorny 
problem of family planning by including a family 
planning programme of national propaganda, with 
clinics at all hospitals, dispensaries and maternity 
centres estimated to cost 3 crore rupees, 1s regarded 
as the most hopeful single pointer to the prospect of 
successful planning in Pakistan. 
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RADIO RESEARCH DURING 1959 


PF ERHE report of the Radio Resear ‘th Board and ot 
| the Director of Radio Research for 1959 sum.- 
marizes the wide range of work carried out at the 
tadio Research Station, Slough, and at the sub- 
station in Singapore*. 

The report of the Board refers to the recent revision 
of the structure and terms of reference of its com- 
mittees in order to ensure that they adequately cover 
present and future research activities in the radio-field. 
Considerable emphasis is laid on the importance of 
radio in space research, and it is planned that in the 
immediate future about 50 per cent of the effort at 
Slough shall be devoted to such research. Details 
of the research work at the Station during 1959 are 
given in the report of the Director. 


Industrial Research, 1950: The 
and the Report of the Director 
(London : H.M. Stationery 


* Department of Scientific and 
Report of the Radio Research board 
of Radio Research. Pp. iv +34 +4 plates 
Office, 1960.) 3s. net. 


Some preliminary work on data obtained during 
the International Geophysical Year has been done, 
and this includes an analysis of data on the incidence, 
at high-latitude statiens, of polar radio ‘blackouts’ 
and of polar sporadic- ionization. The 
show that these phenomena are produced by solar- 
particle streams incident on the upper atmo- 
sphere along ares which are similar to the pre- 
cipitation spirals predicted by Stérmer fifty years 
ago. 

A study has also been made of the International 
Geophysical Year data now available for Slough, 
Singapore and Ibadan on atmospheric radio-noise. 
The Slough observations provide detailed information 
on noise characteristics at four frequencies in the 
range 20 ke./s.-20 Me./s. The differences between 
noise-levels at Slough and Singapore are such as 
would be expected from known differences in meteoro 
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logical conditions ; but the noise-level at Suigapore is 
not so intense 4s might be expected from its close 
proximity to one of the main thunderstorm areas of 
the world. Work on atmospherics from local storms 
is providing information on the power distribution 
with frequency in the lightning flash, and on the 
extent to which the wave-forms of the radiated 
disturbances can be explained in terms of the lightning 
mechanism. 

The day-to-day variability in the electron densities 
of the various ionospheric layers is largely due to the 
corresponding variability in the wave and particle 
radiation from the Sun. The derivation of ionospheric 
indices of solar activity is of special importance for 
prediction purposes, and the report describes work 
which has been carried out on such indices for the 
Kk and F2 layers. As part of the International 
Geophysical Year Calendar Record, /-layer solar 
ionizing radiation indices, F'2-disturbance indices 
and polar blackout indices have been calculated for 
each day of the International Geophysical Year. 
These daily indices should be invaluable for studies 
in other International Geophysical Year disciplines 

A rapidiy increasing proportion of the activities 
of the Station at Slough is being devoted to various 
aspects of space research, and considerable observa 
tions have already been made on the direction of 
arrival of signals from satellites and on the 
signal characteristics (Doppler shift, Faraday rota 
tion, telemetry). The station also provides some 100 
establishments and observers with predictions, at 
weekly intervals, of the times and directions of transit 


received 


of satellites passing within radio-range of observers 
in the British Isles. Similar work is also being carried 
out at the Singapore sub-station 

In the radio-measurements and standards field the 
research and development have been concentrated 
mainly at frequencies greater than a few hundred 
The Station has acted as the 
co-ordinating centre for the international comparison 


veles per ond. 


of milliwatt power-measuring techniques at 
metre wave-lengths, and satisfactory has 
found made with 
instruments of different types used in the standard 
laboratories of the United States, Japan and the 
United Kingdom. Recognition of the possible harm- 
ful biological effects of high-intensity electromagnetic 
radiation at frequencies greater than about 50 Me.’s. 


agreement 


been between measurements 
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has called for the development of reliably calibrated 
instruments to measure the flux density near high 
power transmitters, and the report refers to work 
being carried out to mect this need. 

The study of long-distance ionospheric transmission 
characterist usINg a sweep frequency pulse tech 
nique, has continued and been extended to a 6,700-kim 
Ascension Island and Slough It is 
daytime the modes of trans 


path between 
found that during the 
mission are always very complex because of reflexions 
from tropical sporadic-/ and the 
deterioration and fading of signals from stations in 
equatorial latitudes is associated with the break-up 
of this sporadic 1onization at such times. Work on 
the lateral deviation of signals from Japanese short 
Wave stations shows that there are often periods when 
the signals depart significantly from the great circle 


pomnization, Sunset 


path and that propagation by way of auroral reflexion 
is probably a common feature of night-time propaga 
tion over these paths. 

Tropospheric radio-wave work ineludes studies of 
scatter propagation, delay times on microwave links 
and the refractive propert ICs of the lower atmosphere 
height. fading and 
made over dis 


vam 
been 


Extensive signal-level, 
diversity measurements have 
tances from 130 to 400 km but it would appear that 
no completely satisfactory explanation of troposphere 
available The band 
short point-to-pomt 
limited by 


scatter 
widths 


propagation isn yet 
which used in 
microwave communication links are 
multi-path propagation, and 
developed at Slough to enable accurat: detailed work 
on the signal-delay The 
refractive properties of the lower atmosphere are 
refracto 
and 


ean be 
equipment being 
times to be measured. 


means of airborne 
radar 


being investigated by 


measurements, by sounding also 
by using pressure, temperature and humidity data 
obtained from a halloon borne wired sonde 

the Station on 


on transistors and their application. 


meter 


Research ut semiconductors has 
been mainly 
Microwave measurements on certain ferrite-alumin 
ates in a resonant cavity and on transmission pheno 
mena in wave-guides containing these materials has 
continued, 

This 1959 report is of particular interest m that 1 
is the last annual report of Dr. R. L Smith-Rose, 
consequent on his” retirement from the post im 
September Lone. W. J. G. Brynown 


SAFEGUARDING HEALTH IN LONDON 


FYAHE annual report on the work of the Scientific 

Branch, Public Health Department, London 
County Council, has been prepared by Dr. S. G 
Burgers, adviser to the Council*. The 
Department has 64 members of whom 34 are gradu- 
and the work them during 1959 
varied from routine analysis of foodstuffs—still very 
to investigating the properties of cleansing 
materials kitchens and laundries Much 
research of a fundamental nature is carried out and 


screntif 


ates, covered by 
Mecessary 


used 


opens up many possibilities for economic ¢ xploitation 
The Council is to be commended for the high quality of 
the investigations carried out by this section of its staff. 


* London County Cour Publ ealth Department 
branch Annual Keport o e scientil Adviser for the 
I’'p. 4¢ (London: London inty Council, 1064 
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of sewage. 


Particularls research was connected with 
the treatment How to produce sulphuw 
from sulphate-enriched sludges was investigated by 
one team, and valuable information obtained 
about the cost and practicability of the process, if 
national should render its 

Because of the long duration of these 


Was 
conditions of emergency 
use Thecessary . 
experiments, useful information was also accumulated 
about the effeet of sulphide sludges on metal and 
Metals 


COTTOSITOTL 


other components of the experimental plant. 
found to be singularly free from 
stainless steel was as bright after three years exposure 
as it was initially, mild steel and cast iron (partly 
protected by calcium carbonate scale) were scarcely 
affected and steel bolts immersed for eighteen months 
could be with Brass and lead, 


were 


unscrewed ease 
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except for a slight discoloration due to a sulphide 
film, were almost unaffected, but the zine coating on 
the galvanized 
disappeared, although this may have been due to 
other than sulphides Rubber was 
apparently unaffected. 


iron heating coils hed completely 
electrolytes 


Experiments were also continued on the final 
disposal of concentrat: d foam liquids, with particular 
reference to stripping by means of act ivated carbon 
Aqueous solutions of 1,000) p.p.m oft tetra 
propylene benzene sulphonate were passe d through a 
and & in 
The carbon was soaked in 


taken to maintain the 


sodium 


column of 1 in. diam long, contaiming 


ym. of activated carbon. 
water before use, and care wes 
liquid level half an inch above the carbon column 
During cont muous flow the activated charcoal showed 
almost complete adsorption of the detergent present 
in the solution in the early part of the test ; it was 
about 90 per cent of the deter- 
cent of its own 
weight of and could still 
extract 50 per cent after adsorbing 38 per cent of if 

In a later experiment, a 
p-p-m of sodium tetrapropylene 
sulphonate im the effluent 
sludge plant was passed through column contamong 
100 gm. of activated carbon. A gauze pad was used 
to intercept suspended sol.ds the 
reached the acti ated carbon in order to avoid « hoking 
the interstices in the column. Although adsorption 
was good, there was evidence that the carbon failed 


capable of extracting 
after it 
surface-active 


had adsorbed 27 per 


material 
solhut ion of 


own weight 
1.000 bemzene 


final from an activated 


before liquid 


more quickly than when aqueous solutions were used, 
probably because of adsorption of other constituents 
of the effluent. 

As activated carbon is attention 
was given to the possibility ot the 
Attempts to displace the surface-active 


expensive, 
regenerat my 
material. 
materials with solvents had only a limited success, 
and acidification the dried exhausted carbon. 
followed by extraction with trichlorethyvlene, 
in the only a 


ot 
resulted 
small the 


removal ot proportion of 


RESEARCH IN THE 


RLORLTLES for research im the social serences im 
industry have been imdicated by A. B. Cherns, 
head of the Human Sciences Section, Department of 
Scientifie and Industrial Research (Personnel Manage- 
42. No. 353 ; December 1960). In the field of 
ergonomies, for example, Cherns suggests that the 
man machine relationship is a vital aspect of the 
industry The social implications 
as to justify 
rhaps 


ment, 


study of man in 
of the man 
more attention 
members of mixed ergonomic and sociological teams. 


Ergonomies is a field in which practical applications 


machine system are such 


from social scientists as 


are easy to appreciate 

The development ot adequate criteria of mdustrial 
relations should receive a high priority Have the 
eriveria also develop mdicators Could the 
industrialist be advised what chart he should put on 
his wall to give him a guide to the industrial relations 
formulated im his plant Until this be done, the claim 
have extracted the full practical value from 
research be substantiated. A wide 
parative study would seem to be required 
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the form of its sulphonic 


synthetic detergent im 
acid. 

The most promising method of disposal of con- 
densed foam liquids appeared to be by spraymg the 
and allowing 
In the 


super 


foam with surface-activated sludge 
the solid content of the material to settle. 
the detergent concentration of the 
hatant liquor might be expected to be reduced from 
500 600 to 30 40 parts per million, which 
could easily be treated admission to primary 
sedimentation tanks 

long term 


pre CESS, 


about 
by 


investigation into the 
volumetric instruments 
per eent m the 
air of London 


Contimumg a 
‘idence of air pollution, 
ated of 7 


in the 


reduction 
average concentration of smoke 
during the vear, and this progressive tendency for 
improvement has continued since the inception of 
the Clean Air Act at the beginning of 1957. The 
sulphur dioxide concentration, for the first time, 
showed a similar reduction. ‘The improvement was 
mainiy attributable to exceptionally good weather in 
December. in which the average smoke concentration 
was only half the usual figure It is probable that 
mild weather at the end of the year resulted in reduced 
domestic coal consumption, and. if this is true, the 
improvement may not be permanent. It is of 
interest that during the unusually fine surmmer the 
though naturally low, was 
the wet 


pollution, 
that of 


degree of 


very to previous cold, 


A tive-month imvestigation mto 
Camden Depot was completed, showing that a house 


conditions at 
adjacent to the railway was subjected to concentra 
tions of black smoke and sulphur dioxide which 
were on the average 102 and 43 per cent respectively 
higher than the general With the 
wind in certain directions, the average concentrations 
to at least 200 and 100 per cent respectively 
above the same London-levels. The situation 1s 
expected to mprove with the gradual replacement of 


London-levels 


rose 


steam by Diesel locomotives 


SOCIAL SCIENCES 


The approach of Flanders and others, which aims at 
developing a study of industrial relations in all its 
aspects—economic, legal, psychological, sociological 
and historical—may well provide the stimulation 
that is needed both to give point to and to encourage 
wide comparative studies. 

There an 
interpretations of workshop 
views of the man in the workshop as an economical 
based views ot 
the and 
the More accurate and 
systematic observation is a high priority but not 
of the extended, reporting type with platitudinous 


has been tug-of-war between 


behaviour based on 


and rational animal and those on 


him a8 ot social roles Economie 


sociological points ot view 


conclusions. 

More analysis of the pressures om the individual in 
industry is required ; in particular, incentive payment 
inspection, the 
and 


systems, methods and standards ot 
structure and organization ot nunagement, 
delegation of responsibility 

The study of individual responses to pressures 18 
as important as the study of the pressures themselves. 
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The new enthusiasm for industrial sociology has 
tended to obscure the older studies of individual 
differences. It may now be time to look at these 
again in the light of better understanding of the social 
pressures involved. 

Examination of status systems in industry is not 
new. Nevertheless, there is need to know more about 
the extent to which the use of the special knowledge 
and ability of the technician or technologist is 
hindered by the status systems in industry, particu- 
larly the caste system dividing management from 
technical grades. This is in need of overhaul based on 
sociolegical understanding. 

The work of Simon and his associates in the 
United States has shown what can come from a 
rigorous analysis of some aspects of decision taking. 
There is & point in each organization at which there is 
someone who has the necessary authority to take a 
particular decision. Also located in this organization 
is someone who has the knowledge for the best deci- 
sion to be taken. The problem is how to get these 
two points to coincide : How can effective authority 
coincide with effective knowledge ? 


Py SHE graduate aiming at membership of one of the 

| professional engineering institutions normaily 
undergoes a period of pract ical training or apprentice 
ship following the completion of his undergraduate 
eourse., 

Some three years ago the Institution of Electrical 
Engineers issued a report entitled ““The Training of 
Graduates” in which the purposes of practical 
training for graduates were outlined and recom- 
mendations for the structure of training courses were 
made. This report, revised and modified, has now 
been re-issued*. 

The general pattern of training recommended 
does not differ in its essential features from that 
described in the earlier report. Training should 
oceupy two years and should comprise basic workshop 
training, general mechanical and electrical training 
and what is termed directed objective training. It is 
emphasized that each phase of the training course 
should be carefully planned and supervised and that 
the graduate in his practical training should continue 
to experience something of the intellectual stimulus 
and of the urge to intensive individual effort which are 
mhere nt academic studies. 


* Institution of Electrical Engineers. The Training of Graduates 
a Report of the Joint Committee on Practical Training in the Elec 
trical Engineering Industry. Pp. 34. (London: Institution of Elec 
trical Engineers, 1060 


NINCE the last World Health Organization special 
S ist Committee on Poliomyelitis met in 1957 not 
only have inactivated poliovirus vaccines come into 
widespread use but also live attenuated vaccines have 
been submitted to intensive study and, in some 
countries, have already been employed on a scale 
that could scarcely have been envisaged three years 
ago. These developments and the problems they 
raise are fully reviewed in the third report of the 


TRAINING ENGINEERING GRADUATES 
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Industrial relations generally means relationship 
of management to labour. Equally important for 
the health of any concern is its management /manage 
ment relations. These may not burst into active 
conflict, but latent conflict is continuous and may be 
dangerous. This conflict is neither altogether avoid 
able nor altogether bad; every time a functional 
organization is set up a conflict of interest is created. 
Each functional department tends to seok to maximize 
what, from the point of view of the organization as a 
whole, needs to be optimized. For example, a pro- 
duction department will naturally have maximum 
production as its goal ; an inspection department will 
naturally tend to seek maximum quality or mmimum 
errors. From the point of view of the concern as a 
whole, a compromise between these conflicting aims 
has to be achieved. Less obvious but equally pro- 
found conflicts of aim will oceur between the 
personnel department and the department of the 
accountant or financial controller. The problem is 
not how to resolve this conflict but how best to 
use it and keep it within bounds. 


T. H. 


HAWKINS 


Separate sections of the report deal with schemes 
of training conducted in a works making heavy 
electrical plant, a factory for light-current equipment 
and in an operating organization, such as an electricity 
supply undertaking or a telecommunication service 

While the majority of electrical engineers study, as 
undergraduates, electrical engineering, a substantial 
proportion read physics and a few mathematics. 
The special needs and interests of such graduates in 
physics and mathematics are met by a scheme of 
training based on the laboratory but providing for some 
direct contact with manufacture and development 

There is one important new feature in the recom 
mendations. This is the recognition of training 
through experience in a staff appointment as an 
alternative to the traditional form of graduate 
apprenticeship. This envisages the graduate being 
engaged as a member of the staff of a professional 
engineer who will directly supervise his training 
The training course will not then conform to any 
standard pattern, but will comprise the acquiring of 
experience on a series of projects. These will be so 
chosen as to provide in the aggregate a range of 
experience equivalent to that provided by the normal 
graduate apprenticeship. Great stress is laid on the 
personal responsibility accepted by the engineer who 
undertakes to provide this type of training. 


Committee (Expert Committee on Poliomyelitis, 
Third Report. World Health Organization: Tech- 
nical Report Series, 1960, No. 203 ; 53 pages. Price : 
3s. 6d., 0.60 dollars, Sw. Fr. 2. Also available in 
Spanish and French). 

In most countries where inactivated vaccines have 
been widely used the protection obtained has been 
of the order expected on the basis of controlled field 
trials. Manufacturing and testing problems appear to 
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have diminished with increasing but 
recent attempts to manufacture polyvalent vaccines 
containing poliomyelitis antigen have raised some 
special problems. Experience with such multiple anti- 
gens is still too limited for their value to be assessed 

The safety of live poliomyelitis vaccines appears 
to have been satisfactorily demonstrated in a number 
of areas where they have been used on a large scale, 
and, in all except two of these areas, the incidence 
of poliomyelitis has fallen. It is. still soon, 


experience, 


too 


however, to evaluate the long-term effectiveness of 


live vaccines. Criteria for evaluating the safety and 
effectiveness of such vaccines are formulated in the 
report In this connexion, further research on virus 
markers and on the degree of virwmia produced by 
different strains is urgently needed. The capacity 
of the strains to spread contacts in the 
community is also a matter needing investigation. 
The Committee proposed criteria for the selection of 
suitable strains and for grading various strains of the 
It also gave attention 
live poliovirus 


various 


three sets of vaccines in use 


to the possible contamination of 
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vaccines by simian viruses, and recommended the 
study of their pathogenicity and methods of differen- 
tial inactivation. 

The choice of inactivated or live virus vaccine for 
large-scale immunization programmes will depend 
on the epidemiological, social and economic circum 
the country concerned. The Commit- 
oxamined the advantages and disadvantages 
of the two types of vaccine from these aspects and 
suggested a number of considerations to be kept in 
mind by public health authorities when deciding 
which policy to adopt. Emphasis is laid on the 
importance surveys and surveillance 
for the efficient conduct of immunization programmes. 
Finaily, attention is directed to the increasing 
prevalence of other enterovirus infections (Coxsackie 
and ECHO which wide range of 
clinical manifestations sometimes resembling polio 
myelitis. Continued research is needed in this field, 
especially to detect any increase in the severity of the 
clinical manifestations in special groups, for example, 
new-born infants. 
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UPPER WINDS OVER THE WORLD 


PNHE appearance of Geophysical Memoir No. 103 

| irom the Meteorological Office will be welcomed 
by all who use upper-wind data, whether for geo- 
physical or aviation This supersedes 
Geophysical Memoir No. 85, which had the same 
title, and was published ten years ago, but has long 
been out of print. The present publication is based, 
almost entirely, on data for the five-year period 
1949-53. Though the International Geophysical 
Year will have provided a wider coverage to greater 
heights, it will always be useful to have a detailed 
analysis of the epoch 1949-53 for reference and com- 
parison, particularly as the information is given for 
the months of January, April, July and October, 
rather than as averages for the three-monthly periods 
of four seasons. This latter procedure was adopted 
in Geophysical Memoir No. 85 on account of paucity 
of data, but results in excessive smoothing. Average 
contours are given at the pressure-levels 700, 500, 


purposes*. 


Meteorological Office. Geophysical Memoirs, No. 103: 
2. Ky H. Heastie and 
H.M. Stationery 


* Air Ministry 
Upper Winds over the World, Parts 1 and 
P. M. Stephenson. Pp. i +217. (M.O. 631¢.) (London 


Office, 1960.) 30s, net 


300, 200, 150 and 100 mb. (approximately 3,000 

16,000 m.) and also the average winds are given by 
diagrams of streamlines and isotachs. The North 
Polar regions have circumpolar charts for the regions 
north of 65° N., but no data for the southern hemi 

sphere are given south of 65° S. This is because of 
the absence of data, for there are large areas of 
the southern oceans without observations and 
there must have been a great deal of guess-work 
there. 

Meteorologists will be especially interested in the 
vertical average zonal wind and 
potential temperature given for the longitudes 140° E., 
75° E., 10° W., 75° W., 130° W. and 180° W. for the 
same months. These illustrate very dramatically 
the complexities of atmospheric motions. : 

In order to estimate the probable wind at any point, 
it is necessary to know the standard vector 
deviation, as well as the average wind. Charts of 
standard deviation are not provided, but it is promised 
that they will be given in a later publication. 

A. W. BREWER 
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DIRECTION OF THE GEOMAGNETIC FIELD DURING THE 
TRIASSIC PERIOD IN SIBERIA 


By Dr. E. R. DEUTSCH 
Imperial Oil Research Laboratory, Calgary, Alberta 
AND 
N. D. WATKINS 
Shell Oil Co, of Canada, Edmonton, Alberta 


N earlier detailed study of the Deccan Trap 

formation!.?. revealed, wherever samples were 
taken, the existence of a stable remanent magneti- 
zation making large angles with the ambient field. 
One explanation has been that India was in middle 
latitudes of the southern hemisphere during the late 
Cretaceous or early Eocene. This would also conform 


broadly to palwogeographical reconstructions offered 
in the literature, according to which India onee 
formed part of a southern super continent the consti- 
tuents of which later dispersed. 

Such an interpretation prompts the question to 
what extent the rest of what is now Asia part icipated 
in the hypothetical northward drift of India. It 


+ 

if 
=| 
| 
& 
ae 
| ay 
af 
ag 
| 


D44 NATURE February 18, 1961 


Fable 1 MEAN REMANENT MAGNETIZATION OF SAMPLES FROM SITE 
DPANDE 


Intensity 


Declination Dip 


4 67/26! N.62°E 76 down! 1-87 41-14)» 


S, number of specimens measured V. number of samples 
adil of 50 and 95 per cent circles of confidence, using Fisher's 
rhe 


All averages are based on samples (.V), not specimens 


& Re as their seatter exceeds that for env other site, 
00 ° | the results were considered unreliable, and hence 
\ / rejected. The resultant of 26 normalized vectors, 


all being specimen averages, then corresponds to a 


/ west -south-west— east-north-east axis dipping down 
re) / ward steeply towards the east (Fig. 1, Table 1). 
/ In assessing whether this is a true record of the 
. J local field direction during Triassic times we make 
= the usual Assumption, which well supported 
ee by theory and some observation, that over periods of 
vy 500-1000) years the geomagnetic axis is that of a 
Ss dipole coaxial with the spin axis The magnetization 
Fig. 1 Polar equal-area plot of the remanent Magnetization of some Specinerns from each site had been provision 
data for specimens from site ©, N. pole pointing down ally determined in 1958. but was essentially the 
site C, N. pole up » all other sites, N. pole down ®, mear . . 
lirection for all samples, omitting site C; XN in circle, theoretical same after two years random storage. However, 
lipole field at the sampling locality long-term stability may be inferred more compellingly 
from the data themselves, whenever the vectors form 
seomed that a promising source of evidence might a compact group the mean direction of which is in 


reside in the paleomagnetism of rock formations misalignment with the present local, or dipole, 
north of the Himalayas ; mm particular, the vast field The observed angle of deviation, though not 
Siberian land mass offers manifold opportunities. large, was taken as significant, for it exceeds the 

Consequently, in 1957, & request for some oriented 
samples from Siberia was made to Prof. V. V. Fedin 
aky of Moscow, then attending the eleventh Assembly were used in the Fisher analysis, this cone is larger, 
of the International Union of Geodesy and Geophysics but probably more indicative of the true seatter at 
in Toronto. This was arranged without delay, and . 
in 1958 the University of Alberta in Edmonton 
received a collection of trap rock from the northern 


semi-angle of the 95 per cent cone of confidence 
surrounding the mean vector. Because samples 


the sampling locality than if all specimens had been 
weighted equally. 
: : The direction of magnetization furnishes a Triassic 
part of the Enise: River system north pole in eastern Siberia (Fig. 2, No. 1), as 
The samples are from five exposures in the valleys ; 
or basins of the Lower Punguska, Severnayva and 
Dudinka Rivers, located as follows (Fig. 2): Site A, 


66-0° N.. 89-0° E. ; Site B, 69-3° N., 88-0° E. ; Site ©, Lat. = 65° N.; Long. = 156° E.; 3m = 15} 
66-5° N., 90:1° E.; Site D, 66-1° N., 89-0° E.; op 

Site FE. 66-5° N., 89-1° E. The formations are of 

Lower Triassic age, range in type from gabbro with Am, Op, SCUiL-aNes of the 95 per cent contidence 
diabase to diabase, and at all sites are steeply ellipse. Simee ow investigation began, results of work 
inelined to the horizontal. Gabbro and gabbro-diabase in the same general area have been publi shed? (pole 2) ; 


are elsewhe re® desc ribed as typical 


of the thick intrusive bodies which we 

charactorize the Siberian Traps in 
this region 

Sampies were eut mto evilin \ 

drical disks, which will be referred 

as specimens Dir etion and 

itensit\ ot their magnetization 


were determined vith a simple 


static magnetometer, monte im 


side a hut belonging to the Univer 


sitv of Alberta in Calgary, where we ( 

earried out the measurements dur Vv 

ing summer, 160 
The stereogram (Fig 1) shows dee / s 

results for all 83°) specimens cut 

from 32 samples With few excep 

tions. the veetor extremities of the 

disks from sites A, B, and form 

—_ ae fairly dense central ¢ luster Fig.?. Loeation of the north pole with respect to Siberia and Europe, from |] sb eomagneti 

neasurements on Triassic Tumbera refer to results quoted in this article (1), anc 


Khrar 
from site ¢ is anomalous, and Nai ref. 6) (3 Sampling sites are represented by letters 


A 
| 
A 
. 
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’ 
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that in executing any movements inferred from this 
curve, Europ and northern Asia would have acted 
as one unit; hence, barring major changes in the 
Karth’s radius, any two contemporary poles from 
Europe and Siberia should coincide. 

Our result differs from three of fow pole positions 
relating to North America’-* and, more drastically. 
from the Afriean'® and Australian" poles, Com 
parison of global non-Triassie data has revealed 
similar discrepancies the separation of the 
European and Indian curves exeeeds 90° in the 

Jurassic, the earliest period for which Indian data 
exist’?, One can interpret this by invoking large 
relative displacements between the two land masses, 
and probably by implication, between India and 
northern Asia However, a direct comparison with 
the Siberian results must await examination of 
suitable Triassic exposures in India. 

We are indebted to Prof. V. V. Fedinsky of the 
Physics of the Earth Institute, Moseow, and Dr. N. J. 
Marochkin, director of the Union Geological Research 
Institute, Leningrad, for making available the rock 
collection on which this work depended. At the 
University of Alberta, particular thanks are due to 

rig Location of | rth Pole, estimated from palwomagneti Dr. (. D. Garland, professor of geophysics, for 
easurements on sic rocks Symbols represent polar plots 
iberia; N. America; @, Africa: providing workshop facilities and instrumentation, 
Numbers it ite source material: 1, our results and for his continued interest 
r work o traps (refs. 3, 4); 6, Connecticut 
7 7 Sandstone (ref. 8); 8, Brunswi 

sediments (ref. 7) New Oxford sediments (ref. 9); g. J. A., Deutsch, E. R.. and Griffiths. D il —— 

chuanaland Cave sandstone (ref. 10 11, Brisbane tuff (ref. 11 1. 41 5 ar : Bd nd Gritiths, D. H., PAil. Mag., Ser. 8, 
lhe solid line is a polar lative to Europe, typical of versions 
published Various authors: Cambrian D, Devonian Radakrishnamurty und Sahasrabudhe, P. W., 
Carboniferous; P, Permian; Triassic; E, Eoce 15, 39 (1959) 

VY. Mioerr irova, Z. V., Bull. Acad. Sci. USSR treophys. Ser. 1959, 1520. 

Trans. Amer. Geophys. Un., 1081 (1960) 
* Fineberg, F.S,, and Dashkevich, N. N., Report, Third Palwomagnet ic 
‘ ‘ Conference, University of Leningrad (Oct. 1959) 
the Angara River basin is the source for pol 3. Khrar 10v, A N., “The Pakeomagnetie Correlation of Sedime ntary 

Paleomagnetic information unlocked from ‘Triassic Strata’ (Grostoptekhizdat, Moscow, 1958) 
Nairn, A. E. M., J. Geol., 68, 285 (1960) 
bs Du Bois, P. M., Irving, E., Opdyke, N. D tuneorn, 8S, K, 
relative to Russia®, and pole 5, which is an averag lianks, M. RB.” Nature, 180. 1156 (1057). 
quoted by Nairn®, of British, German and French Runcorn, 8. K., Bull. Geol. Soc. Amer., 67, 301 (1956) 
data by different authors. Our pole, though loeated * Graham, J. W., J. Geophus. Res., 60, 329 (1955). 
*’ Nairn, A. E. M., Phil. Mag. Supp. 6, 162 (1957). 
"Irving, E., and Green, R., Geophys. J. Roy. Astro. Soc., 1, 64 (195s). 
onal “Clegg, J. A Radakrishnamurty, ¢ Sahasrabudhe, P. W. 
Fig. 3) This is not surprising, for it seems likely Nature, 1 830 (195s), 

81, 


a report! on the magnetization of trap rock fron 


sedimentary exposures in Europe has vielded pole 4 


rather far north, conforms within limits of error to 
some point on the smoothed European’ pole track 


GEOLOGICAL RECONNAISSANCE IN VICTORIA LAND, 
ANTARCTICA 


By B. C. McKELVEY* and P. N. WEBBt 


Victoria University of Wellington, New Zealand 


N the summers of 1957-58, 1958-59 and 1959-60, tions and cites references to papers awaiting 
three small expeditions from the Victoria Univer- publication. 

sity of Wellington investigated approximately 2,500 

sq. m. of ice-free terrain west of McMurdo Sound in Physiography 

southern Victoria Land, Antarctica. The first two 


expeditions spent a total of SO days in the field, The inland ice platean of eastern Antaretiea i 
carrying out topographic surveying, meteorological! hounded at approximately longitude 160° E. by a 
‘oasti ounte nding fr 
and gravity studies’, paleomagnetic sampling’, coastal mountain chain extend ng 1.000 miles from 
ide 7 ~ of lat : 
zoological and botanical studies, and geological latitude 70 tO Se North of latitude 80 S., 
surveys. This article summarizes the results of this mountain chain lies within Vietoria Land Nearly 
yeological surveys made during the first two expedi all \ ictoria Land is completely glacierized ; major 
outlet glaciers flow froma the inland ice plateau 
* Present address: Department of Geology, University of Nev through the coastal mountain chain to the Ross Sea 
England, Armidale, New South Wales The 
f Present address: N.Z. Geological Survey, Lower Hutt 
Zealand 


deglacierized terrain investigated comprises 
about 2 JOO sq miles of lowland valle and mountain 
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Locality map of MeMurdo Sound region 


ous divides lying between the Mackay Glacier (77> 5. 
and the Taylor and Ferrar Glaciers (77° 45’ 8.) (Fig 
1). The Wright Valley and the Victoria Valley 
system were formerly occupied by glaciers flowing 
eastwards from the inland ice plateau to MeMurdo 
Sound 


General Geology 

In this area, a peneplained Precambrian or lower 
Paleozoic crystalline basement comp'ex is uncon- 
formably overlain by more than 4,000 ft. of Beacon 
Group sediments (Table 1). Sills and dykes of 
tholeiitie dolerite intrude both basement complex and 
Beacon sediments‘. 

The Basement Complex. The basement complex 
exposed in the Wright Valley and Victoria Valley 
system comprises more than 15,000 ft. of highly 
folded Precambrian marbles, hornfelses and schists, 
intruded by acid orthogneiss and coarse porphyritic 
biotite-hornblende granite. The acid orthogneiss 
oceurs in belts separating the meta-sediments from 
the biotite-hornblende granite. The meta-sediments 
strike approximately north to north-west. The 
foliation of the orthogneiss and porphyritic biotite 
hornblende granite also trends north to north-west, 
parallel to the strike of the meta sediments. Numerous 
intrusions of pegmatite and granodiorite dykes with 


GENERALIZED GEOLOGICAL HISTORY FOR WRIGHT VALLFY 
Vierorta VALLEY SysTEM, VicTORIA LAND 


Table 1. 


Age Description 

Quaternary At least four phases of glacial cutting and 
deposition of moraine 

Eruption of kenyt basalt, phonolite and 
trachyte lavas around McMurdo Sound 
Small basaltic cones formed in Taylor Dry 
Valley, but not in Wright and Victoria 
Valleys 


Quaternary to 
? Upper Tertiary 


Ferrar dolerite sills and dykes into 
and overlying Beacon 


Mesozok Intrusion of 
the basement complex 


Group sediments. 


Deposition of Beacon Group sediments, in 
luding sub-grevwacke, arkose orthoquartzite, 
siltstone and carbonaceous shale facies. 


Mid-Mesozoic to 
Vid-Palwozoic 


Major unconformity, with peneplanation. 

folded, (7) Precambrian marbles, horn 
hiata intruded by acid orthogneiss 
r granite granodiorite and 

acid 


Lower Palwozoic to 
Precambrian 


Tightly 


Profuse intrusions of younger 


snd basic dyke swarms 
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no regular orientation cut through the orthogneiss 
and the porphyritie biotite-hornblende granite. In 
the eastern Wright Valley, a swarm of microdiorite 
dykes dipping south-west intrudes orthogneiss near its 
contact with the meta-sediments. 

An extensive body of homogeneous biotite-horn 
blende granite (‘pink granite’ of early workers) 
intrudes and in many localities overlies the meta- 
sediments, gneisses and porphyritic granites. Expos 
ures of hornblende-plagioclase amphibolite up to 
500 ft. across occur within this younger granite. 

Dense swarms of north-east striking lamprophyre 
and porphyry dykes intrude all basement rocks and 
in this region are the the 
basement complex. 

Beacon Group Sediments. 


VoL. (89 


youngest intrusives of 
More than 4,000 ft. of 
Beacon Group (Mid-Paleozoic to Mid-Mesozoiec in 
age) sediments are exposed in the western part of the 
Taylor and Wright Valleys and the Victoria Valley 
system, resting unconformably on the peneplained 
basement surface, 

These sediments were examined in detail through 
out an area of 800 sq. miles, and are subdivided into 
five lithofacies. From the of the the 
upward succession is : 

(1) Sub-greywacke facies : up to 300 ft. of dark. 
woell-indurated conglomerates, sandstones and _silt- 
stones. Bedding structures include thin graded beds. 
cross-beds, and small-scale slump structures. 

(2) Arkose facies: at least 500 ft. thick and 
overlying the sub-grey wacke facies, or more com- 
monly resting on the peneplained surface of the 
basement complex. Bedding structures inelude 
cross-bedding and _ thick sequences of 
black, green, red and white beds repeated rhythmic- 
ally. Ferruginous concretions are abundant in this 
facies. 

(3) Orthoquartzite facies: at least 2,500 ft. thick 
and characterized by both massive and large-scale 
cross-bedded units, with thin interbedded lenses of 
arkose, subarkose and siltstone. 

(4) Red-green siltstone facies : varying between 
70 and 300 ft. in thickness and observed only on the 
southern side of Taylor Glacier, where it overlies the 
orthoquartzite facies. 


base group 


small-seale 


The sediments comprise thin 
alternating red and green siltstone units interbedded 
with beds of arkose and orthoquartzite. Mud-crack 
horizons and concentrations of worm borings are 
common in this facies. i 

(5) Carbonaceous shale facies: at least 500 ft. 
thick and comprising thin, impure coal seams altern- 
ating with cross-bedded and slumped sandstones 
and siltstones. This facies is well exposed near 
Pyramid Mountain on the southern side of Taylor 
Glacier, these rocks the youngest Beacon 
Group sediments examined during this investiga 
tion. 

Ferrar Dolerites. The Ferrar Dolerite sills exam 
ined have a total thickness of at least 3,000 ft.. 
distributed through a vertical range of 7,000 ft. (ref. 6) 

The lowest sill observed is an undulating sheet up 
to 800 ft. thick, usually intruded into the granites 
of the basernent complex. However, where this sill 
encounters steeply dipping meta-sediments, it rises 
along the bedding planes to the peneplained base 
ment surface and intrudes diagonally up 
Beacon Group sediments, thinning markedly 
does so. 

A younger sill, approximately 700 ft. thick, has 
penetrated the unconformity between the basement 
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— 
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rocks and the overlying Beacon sediments, and im 
some places intrudes up to 500 ft. above the peneplain 
surface. farely it intrudes granites below the 
peneplain surface. 

Few of the sills intruding Beacon 
exceed 400 ft. in thickness. Their pattern of emplace 
ment is extremely irregular and they frequently 
divide into thinner units. Large feeder dykes have 
been observed to rise to these sills 

The lowest two sills are mineralogically similar and 
In their lower levels they 


sediments 


display marked variation. 
are composed essentially of hypersthene, augite and 
calcic plagioclase, whereas their upper levels consist 
of augite, pigeonite, less calcie plagioclase, and 
considerable amounts of micrographically intergrown 
quartz and alkali feldspar. Autoliths of pyroxene 
aggregations, up to 2 ft. in diameter, and feldspathic 
veins occur in the lower levels. The upper levels are 
characterized by pegmatitic veins and schlieren, and 
show considerable deuteric alteration. 

The sills which intrude Beacon Group sediments 
consisting of augite, 


cryptocrystalline 


are relatively homogeneous, 
caleic plagioclase and abundant 
mesostasis. 

Quaternary Glaciation. Evidence of four glaciations 
is recognized in the Wright Valley and Victoria 
Valleys system’. The first two were the most intense 
Both carried ice from the inland plateau to MeMurdo 
Sound and the Ross Sea. Highly weathered moraines 
of the first glaciation lie on glacial benches at heights 
of 4,500 ft. above sea-level. The second glaciation is 
represented by a thin veneer of highly weathered 
moraine on the floors of the present valleys and bench 
remnants up to 2,000 ft. above sea-level. 
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Thick moraines of a third glaciation partly overlie 
the second glaciation moraines, indicating a 
extensive advance into the valleys by plateau, alpine 
Associated with the 
salt lakes, 


less 


and coastal piedmont glaciers, 
moraines of the third glaciation 
evaporite deposits, high-level lake shorelines, dune 
sands and extensive areas of desert pavement strewn 


are 


with ventifacts. 

The limited distribution of thick coarse morainos 
in the western part of this area indicates that during 
a fourth glaciation the remnants of the valley glaciers 
fed from the plateau advanced only short distances 
eastwards towards the ice-free central portion of the 
valleys. 

Each glaciation resulted from a build-up in the 
surface elevation of the plateau, allowing ice to spill 
over high rock thresholds at the valley heads. With 
each succeeding glaciation, net increases in elevation 
of the plateau diminished, until during the third and 
fourth glaciations it was sufficient to allow only a 
small volume of ice to flow into the valleys. 

Since the fourth glaciation, the volume of ice 
flowing over the valley-head threshold has been 
negligible. Plateau, alpine and piedmont glaciers 
are in the final stages of recession from this area. 


' Bull, C., Rep, to N.Z. Met. Office (1959). 

Bull, C., N.Z. J. Geol. Geophys., 4 (1960) 

‘ Bull, C., and Irving, E., Nature, 185, 834 (1960); 
211 (1960), 

* Webb, P. N., and McKelvey, B. C., N.Z. J. 
(1959). McKelvey, Bb. C., and Webb, P. N., 
and in the press 

Webb, P. N., NV.Z. J. Geol. Geophys. (in the press). 

* McKelvey, b. C., N.Z. J. Geol. Geophys. (in the press). 

* Bull, C., MeKelvey, B. C., and Webb, P. N., J. Glaciology (in the 
press). 
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SPECTRAL CHARACTERISTICS OF AGGREGATED CHLOROPHYLL 
AND ITS POSSIBLE ROLE IN PHOTOSYNTHESIS 


By SEYMOUR STEVEN BRODY 
International Business Machine Research Laboratory, San Jose, California 
AND 
MARCIA BRODY 


Chemistry Department, Brandeis University, Waltham, Massachusetts 


N 1951 Duysens! and French and Young? reported 

the fluorescence (720 mu) of an unknown pigment 
in the red alga Porphyridium cruentum. The fluores- 
cence was attributed to chlorophyll d (ref. 1), which 
had been discovered by Strain® in other algae of this 
group. Because it absorbed at longer wave-lengths 
than chlorophyll a, and because of the highly efficient 
transfer of energy to it, Duysens assigned to this 
pigment the role of an energy trap to explain the 
low vield of chlorophyll-sensitized photosynthesis 
especially on the long wave-length side of the red 
chlorophyll band. However, it was later determined 
that there is no chlorophyll d present in Porphyridium'. 

Recentlv®, an emission band at 720 mu was reported 
for chlorophyll a, both in ritro and in vivo, and was 
attributed to an aggregated form of chlorophyll. 
The present imvestigation shows that the aggregate 
is a dimer. 

The absorption spectrum of the dimeric form of 
chlorophyll in ethanol was determined (at 293° K.) 


from the difference in absorption between dilute 
and concentrated (10°? M) solutions of 
chlorophyll. 

Production of the aggregate is accompanied by a 
symmetrical splitting of monomer bands which is 
characteristic® of dimer formation. The first excited 
state of the monomer, 665 muy, gives rise to absorption 
maxima at 682 and 648 my, with absorption coeffi- 
cients ¢, and ¢,, respectively (Fig. 1). One would 
also expect splitting of the second excited state ; 
however, only one absorption band, at 450 my, was 
resolved. The minor absorption bands also appear 
to split. From its spectroscopic properties, it was 
deduced that the dimer has the geometry shown in 


Fig. 2. By using the relationship tan 


the angle 9 was found to be 130°. 
The source of the asymmetry of the long wave- 
length band (683 mu) in Fig. 1 may be a metastable 
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Fig. 1. The curves in the lower graph show the absorption of 

10-* M (—-o—o—) and 3 M ) solutions of 

hlorophyll 4 in ethanol. The difference in absorption between 

these two curves is plotted in the upper graph. This difference 

spectrum, with maxima at 682 and 648 my, is considered to be 

the absorption spectrum of the dimeric form of chlorophyll at 
long wave-lengths 


Fig. 2. Geometry of the dimeric form of chlorophyll 4. Heavy 
lines depict the planes of the molecules ; the angle 6 ~ 130°, and 
r (the distance between the centres of charge density) = 12 {. 


transition, With absorption maximum at about 705 mu. 
Emission from the dimer, at 720 mu, may originates 
from this state. 
The equilibrium constant for the reaction 2 Chl yy 
Chip, in ethanol, was found to be approximately 
30 mole, where Chlyy and Chip are monomeric and 
dimeric chlorophyll molecules, respectively. Observa- 
tions of the concentration of the monomeric form in 
the temperature-range 293 °—77 K. show that the 
equilibrium between these two forms is almost 
independent of temperature. On the basis of the 
precision of the measurements, the heat of the 
reaction, A//, is estimated to be less than 20 cal. ‘mole. 
It was assumed that there are two pathways not 
dependent on temperature and one pathway cdepen- 
dent on temperature by which the excitation energy 
of the dimer may be dissipated. The pathways 
independent of temperature are emission and internal 
conversion ; the pathway dependent on temperature 
is collisional ce activation (4 rire, energy-storma 
chemical reactions will predominate over collisional 
losses). The rate constant, for the deactivation 
pathway dependent on temperature was equated to 
! exp! AE RT). In this expression, AF is the 
activation energy and A is the Arrhenius constant. 
Values of AF and A were determined in the following 
manner. An expression was derived for yield of 
emission @ from the dimer as a function of 7 mpera 
ture 
| k, \E 
In + In ; 
277° K RT 

where giz K. is the vield of emussion at 77 Kk 
found to be 0-8 vitro and 0-1 in vive) and ky, the 
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reciprocal ot the CTNISSTOTL life Titties, in the rate 
constant for the emission process (A, 1 10-* see 

\ plot of the above equation gave : AE 1-0 k.cal 
mole i vive and 0-9 k.cal./mole ritro, and Aw 

This value of A for the dimer is considerably lowe 
than is usually found for uni- or bi-molecular reactions 
and may be considered a measure of the low transition 
probability from the excited triplet state to th: 
singlet ground-state. 

A relationship was derived between the ratio ot 
dimer to monomer emission (at 77 K.) and the total 
Coreen ration of chlorophyll. This expre SSION was 
in good agreement with the experimental results 
Included in the derivation is the assumption that a 
dimeric form of chlorophyll gives rise to emission at 
720 mu. This mathematical relationship was plotted 
im vraphical form, from which it was possible to 
estimate the concentration of monomer and dimer nn 
Porphyridium, Chlorella, Polyedriela and Muriella to 
be: 3-2 and 2-0, 1-9 and 0-8, 1-6 and 0-6, and 
and 0-2 M, respectively. These organisms 
are arranged in order of decreasing dimer monomer 
concentration: it is significant that the wave 
number at which the photosynthetic decline oceurs 
decreases along the series 

Since a number of emission measurements wer 
made at low temperatures, it was thought necessary 
to determine the effect of freezing the cells to 77° K. 
and then thawing them. 

An electron microscope study of material treated 
in this manner showed a small amount of shrinkag: 
and formation of vacuoles, but no real evidence ot 
disruption of chloroplasts. 

Chlorella cells were frozen to 77° K., thawed, and 
then examined for the Hill reaction. Their ability 
to carry out this photochemical step (even if with 
diminished yield) and the fact that changes in 
absorption were not noted after freezing and thawing, 
were taken as indicating that these processes int roduce 
no gross changes in the photosynthetic apparatus, or 
in concentration or aggregation of pigment. [Tt might 
be added that snap freezing is a method of preserva 
tion of activity of the Hill reaction’. 

The action spectrum for exciting emission from 
the dimer was measured jn vitro at 77° K., and 
vivo in several different photosynthetic organisms, at 
77° K. and 293° K. The results are in qualitative 
agreement with the absorption spectrum of dimer m 
solution 

Action spectra measurements with Porphyraium 
K. to determine th: 


cruentum were made at 77 
contribution of the various pigments to emission by 
chlorophyll. These indicate that light energy 
absorbed by phycoerythrin is transferred to both 
monomer and dimer ;: however, more is transterredd 
to the monomer. Energy absorbed by phycoecyanin 
or the chlorophyll monomer favours transfer to the 
dimer. 

The difference between the action spectrum for 
excitation of fluorescence at 685 mu and that at 
720 my supports the contention that there is mor 
than one form of chlorophyll ¢n vive. <A review of 
the evidence, both ours and other workers*!*, 
favouring the existence of two (or more) forms of 
chlorophyll in vivo, will be given in detailed papers 
which are in preparation. 

The concept of aggregated chlorophyll has been 
used to mterpret concentration quenching in solu- 
tion!!,!2, Lavorel!! has suggested that the long 
wave-length decline in fluorescence and photosyn 
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No. 4764 
thesis might be explained by the presence of an 
inactive chlorophy!! dimer 

We conceive of the dimer as being required for 
participation in photosynthesis, and propose as 
necessary in this the imteraction of two 
mstable products produced by light, one 
formed by the monomer, and the other ((72’?p) by 
the dimer, respectively. The first stable product, S, 
of photosynthesis is formed by the dark reaction 
between and These steps are summarized 
by the following reactions 


Chi y* 
Chi p* 

UP xy 
The unstable products may have life-times of the 
may be identical with the 
vivo by Commoner 


process 


Chiyy 
( ‘hip 


UPp 
UPp—S 


order of a minute and 
light-induced radicals reported ¢ 
et al’ and Sogo et 

On the basis of the existence of a@ monomeric and 
dimeric form of chlorophyll and the assump- 
made above, we will try to give a relatively 
simple explanation and indicate relationships for a 
number of the observations in photosynthesis. 

It is postulated that some monomer molecules are 
direct absorption 


tions 


associated with molecules 


by these monomer molecules results in energy 


so that absorption 


being 
transferred to dimer molecules 
by the monomer leads to formation of both unstable 
products. However, when the dimer alone is absorb 
ing light, the vield of emission is low and UP y, is not 
formed This is the that when 
photosvnthesis or fluorescence is sensitized by light 
absorbed on the long wave-length side of the chloro- 
phyll maximum. Addition of steady or mtermittent 
light of shorter wave-length to that at longer wave- 
the sensitized by the 


sittiation occurs 


length will permit reaction 
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monomer to proceed, resulting in full photosynthetic 
efficiency. As shown above, the onset of the long 
wave-length decline is related to the concentration 
of dimer found in various organisms. 

Increase in fluorescence vield with light intensity™ 
could result from decomposition of the dimer to 
monomer, 

Changes in absorption induced by light!® 
monomer-dimer concentration, 


Thay 
result from shifts of 
or from changes in position of dimer absorption 
maxima (determined by the angle §—which, in turn, 
appears to be effected by such factors as hydrogen 
mn concentration). 

Details of this work will be published elsewhere. 
We thank Prof. H. Linschitz, of Brandeis University, 
for his co-operation and provision of apparatus. Part 
of this work was done at the Air Research 
Center, Bedford, Mass. This work was supported in 
part by a grant from the National Science Foundation 
to Brandeis University (grant G-6418) 
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POLYMER MONOLAYERS 


By J. Ms HAMMOND, MONICA H. WILLIAMS and W. G. P. ROBERTSON 


Department of Supply, Weapons Research Establishment, Salisbury, South Australia 


N a recent communication’ Ries, Beredjick and 
I Cabor deseribed the surface behaviour of polyviny! 
benzoate, which showed several unusual features, and 
directed attention to the wide variation of polymer 
surface properties with molecular structure. We have 
recently studied monolavers of three sets of polymers 
of different structural types, and the results further 
accentuate the complexity of behaviour obtamable 
with monolayers of vinyl-type polymers 

The first set of polymers was a series of samples of 
polymethyl acrylate the viscosity-averaged molecular 
weights of which varied from 2-6 10% to 4-75 
10° The second set of polymers were graft copolymers 
of isobutene and methyl acrylate in which the 
number and length of polymethyl acrylate (PMLA) 
branches were varied on a fixed poly/sobutene (PIB) 
hackbone (‘Vistanex’ LM/MS, M, 4-5 104). The 
third set comprised a mumber of samples of chloro- 
sulphonated PIB (‘Vistanex’ LM M, 7-2 10*) 
with varying chlorine and sulphur contents, and 
their hydrolysis products in which the sulphony!] 


if not wholly, 
The graft co 


ehloride groups had been substantially, 
converted to sulphonic acid LrOUps 

polymers were prepared by an established photo 
chemical bromination-debrominat ion technique? and 
the Reed-Horn reaction® was for the chloro 
sulphonation of PIB Film measurements 
were made at 25° C. on dilute acid (V/100 hydro- 
chloric acid) and other substrates with benzene used 
solvent few 


used 
balance 


results 
Table 1 


comparison, the 


principally as spreading 
obtained with 
and Fig. 1 which 
results piven by 

polyvinyl benzoate 


acid substrate are given in 
also, for 
Ries, Beredjic k and Gabor' for 


(PVB), polyvinyl acetate (PV Ac 


inelude 


and stearic acid. 

PMA was found to behave similarly to PV Ae but 
Was rather more compressible. The most interesting 
feature of the PMA results was the observed signifi 
\.2/mono 
of molecular weight studied 
claimed limiting area 
Others have 


cant variation in limiting area (23-0. 26-5 
mer unit) over tho range 
Previously workers have 


to be mdependent of molecular weight! 


some 


2 
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Fig. 1. Pressure-area isotherms. I, isotherm for polyvinyl benz- 
vate (ref. 1): isotherm for polyvinyl acetate (ref. 1); III, 
isotherm for polymethyl acrylate, M, 2-73 10*; IV, isotherm 
for polymethyl acrylate, M,3°-2 «10°: V isotherm for PMA/PIB 


polymer; V1, isotherm for chlorosulphonated PIB; VII 


isotherm for hydrolysed chlorosulphonated PIB 


gralt 


found some increase with molecular weight® but not 
as groat as that reported here. However, it does seem 
that we have gone to rather higher molecular weights 
than most other workers. It is probable that, with 
flexible molecules, as the molecule-length increases, 
intermingling of imereasingly 
restricted so that at the higher molecular weights 
packing on the surface becomes less efficient. 

PMA and PVAc monolayers behave rather simi- 
larly, and the behaviour of PVB makes an interesting 
contrast. In the case of PVB the high collapse- 
pressure is attended by a low limiting area. The 
preferred explanation', in terms of the postulated 
formation of rigid folds rising from the 
surface, would also account for the high resistance to 
compression in the linear region of the isotherm. A 
further interesting feature of the PVB isotherm is the 
very low to compression at greater 
than 0-4 m.?/mgm. In this region monomer units are 
being forced out of the surface to form the rigid 


molecules become 8 
coils or 
resistance 


areas 


Table 1. MONOLAYER PROPERTIES 


Limiting area Collapse 
pressure Compress 
A */mono (dynes ibility 
m.*/mem mer unit em.) (em./dyne) 

Stearic acid® 0-43 20+ 42 0-0019 
Polyvinyl! acetate® 27 25 0 -0252 
Polyvinyl 
benzoate® 0-38 9 53 00-0056 
,olymethylacrylate 1°61-1-86 23 -0-26-5 21 0-030 
PMA/PLB graft 

(1o2:lw 2-3 

PMA branches 

per mol.) 1-65 233/10 0-030 
CS-PIB(S,3°3 

per cent Cl, 10 

per cent) 0-12 ¢.1°5 23 0-030 
Hcs-Ptl 

(S, 2-4 per cent 

Cl, 7-8 per cent) 0 44 
* Ref. 1 

t Area per molecule 


~ Assumed area per PMA monomer unit. 
§ Calculated 


irea per PLB unit 
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overfilm ; the feeble resistance to compression in this 
region indicates that this ejection from the surface 
is much more easily achieved with PVB than with 
PMA and PVAe which do not attain such a high 
collapse-pressure, but which reach their maximum 
resistance to compression at areas of approximately 
1-5 m.*/mgm. 

Poly‘sobutene does not spread at all at the air-water 
interface, neither does brominated PIB at least up to 
14-4 per cent bromine content. Mixtares of PMA and 
PIB were found to behave just the same as if the PIB 
were not present. This suggests that with the mixture 
the PIB exists on the surface in a completely collapsed 
state and its presence in no way affects the behaviour 
of PMA. It is assumed, therefore, that with the 
PMA/PIB graft copolymers the behaviour of the 
PMA branches is not appreciably affected by the 
presence of the PIB backbone and that the limiting 
area of the moncmer units in the PMA branches is 
close to that found for homopolymer of similar degree 
of polymerization, although the two limiting areas 
may not be identical due to some restriction of the 
packing of PMA when present as branches. On the 
basis of this assumption, it was immediately obvious 
from the results obtained with the graft copolymers 
that the PMA branches fell short of accounting for 
the total observed limiting area and that some 11 A.? 
must be occupied per isobutene unit in the case of the 
graft copolymer cited in Table 1, which had some 
to three branches of PMA (P, 3-21 10? 
grafted on to the PIB (P, 8-04 10%). Models of the 
isobutene unit projected on to a plane surface give 
areas ranging from 14 A.? to 22 A.? for various orienta 
tions. While the accuracy of calculating in this way 
the area occupied by an isobutene unit in the graft 
copolymer is debatable, the value obtained (10-7 A.?) 
does indicate a surprisingly large extension of the 
backbone by a few horizontally orientated polymeric 
branches. Indeed, the result suggests that the actual 
number of branches present considerably exceeds the 
number calculated (2-3) from PMA content and 
average degree of polymerization. The branch degree 
of polymerization was assumed to be the same as the 
P,, of a PMA homopolymer prepared under similar 
conditions of rate, solvent (cyclohexane) and transfer 
agent (triethylamine). This method of calculating 
branch frequency overlooks, by its very nature, the 
existence of numerous branches much 
shorter than the average. 

Hydrolysed chlorosulphonated PIB polymers 
(HCS-PIB) gave high collapse-pressures, up to 44 
dynes/em. The unhydrolysed  chlorosulphonated 
polymers (CS-PIB) gave much lower collapse-pres- 
sures and were much resistant to compression 
than their hydrolysis Calculation of 
limiting areas for these randomly substituted polymers 
in terms of A.* per monomer unit are rather approxi- 
mate. The values thus obtained are very low and 
indicate, as one would expect from the relatively 
infrequent occurrence of polar groups, that these 
polymers are not horizontally orientated. Areas 
occupied per polar group were in the range 20-30 A.2, 
that is, comparable with the limiting area per molecule 
of stearic acid. It is evident that the hydrocarbon 
chain forms loops above the surface and this permits 
fairly close packing of polar groups. In spite of some 
similarity with stearic acid type behaviour, these 
polymer films are much more compressible : more 
compressible in fact than PVB (horizontally orien- 
tated, high collapse-pressure) and more akin, in this 


two 


possible 


less 


products. 


ray 

ae 
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respect, to PVAc and PMA (horizontally orientated, 
low collapse pressure). 

Less highly substituted chlorosulphonation deriva- 
tives of PIB were, as expected, less surface-active 
than the examples given in Table 1. More highly 
substituted derivatives were also less active ; this is 
attributed to partial solubility since with increasing 
substitution there is an increasing possibility of 
highly polar groups occurring sufficiently 
together to render portions of the molecules soluble 


close 


im water. 
HCS-PIB polymers gave solid films, while 
CS- PIB, PMA and graft polymer films were fluid 


the 
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A detailed account of this work and further dis- 
cussion is being prepared for publication. 

Acknowledgment is made to the Chief Scientist, 
Department of Supply, South Australia, for permis 
sion to publish this work. 
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HIGH-YIELD CRYSTALLIZATION OF UREASE FROM JACK BEAN 


By Dr. KIYOMICH! HANABUSA 


Department of Biochemistry, School of Medicine, Keio University, Tokyo 


RYSTALLIZED urease of jack bean was obtained 

by Sumner? by quite a simple procedure, 
but very few samples of jack bean are suitable 
as the starting material for this method. The causes 
of the difficulties are believed due to: (1) the samples 
contained a relatively small amount of urease® (less 
than 90 units per gm.) ; (2) in the case of some samples 
urease is difficult to extract with 32 per cent acetone, 
method, while containing the 
Jack beans cultured in 


first 
isual amount of enzyme? 
Japan belong to this type'. 

To obtain the preparation of urease crystals from 


as the stop ot 


these 
rhe present investigation was undertaken to find a 
method of purification of urease which is applicable 


samples is impossible by Sumner’s method. 


to such samples. 
In an attempt to provide crystallized urease by the 
lication of methods usual for other enzymes it was 

d that, as the 


was apt to be converted so as to be insoluble in water, 


purification proceeds, urease 


ially after treatment with acetone. This insoluble 
activity still preserved has 
Because of this, 


espe 


‘ 


rm of urease with its 
already been studied by Sumner®. 
wny kind of usual fractionation procedure was not 
ipplicable for further purification. This insoluble 
form was changed into a soluble one by mixing with 
rea; but after dialysation it was not susceptible to 
fractionation, and SH, to have little 


to dissolve this insoluble form. Uehara and 


inv seemed 
ibility 
NNobashi demonstrated that cysteine can convert this 
insoluble form into the soluble form®. I used 
2 mereaptoethanol instead of evsteine and devised a 
method of preparation of ervstalline urease with good 
vield from jack bean, though it contains a low con- 
centration in units of urease. 

Jack beans cultured in Japan, Canavalia ensiformis 
var. gladiata, were used. They were pulverized into 
fine powder which contained 100-180 units of urease 
The defatting treatment was unnecessary for 
the present purpose. Acetone was treated with a 
small amount of permanganate and 
anhydrous potassium carbonate, then distilled. Cal- 
enum phosphate gel was prepared by the method of 
Tsubo: and Hudson’ 


per gm 


potassium 


doth the colorimetric timing method’ and Iwasaki's 
azotometry® were used for the urease 
activity under conditions devised by Sumner and 
Hand’, and the latter was employed when an accurat« 
value was required. For the determination of protein 
nitrogen the sample was first digested as usual and 
the nitrogen of ammonium salt was determined by 
Iwasaki’s azotometry'®, Protein including urease’ 
was calculated by assuming that it contains 16 per 
The specifie activity, that is, units 


assay of 


cent of nitrogen. 
per gm. of protein, was calculated from the foregoing 
data. 

Utilization of procedures usual in the 
purification of other enzymes has been studied, of 
which the 
satisfactory. All work was carried out at room tem 
perature, and distilled water made by a gilded-tin 
vessel was used throughout the work. 500 gm. of 
jack bean meal to which 2-5 litres of water had been 
added and stirred for 10 min. was first filtered through 
a cloth sack. again treated with 
1-0 litre of water and treated in the same manner. 
then both filtrates were collected, suspended together 
with ‘Celite’ and filtered again through a Biiechner 
funnel. About 3 litres of yellowish brown, slightl, 
turbid, filtrate was obtained. 

To 3 litres of filtrate, 1.370 gm. of solid ammonium 
sulphate was added to give 60 per cent saturation 
\fter a few hours, the resulting precipitate was 
collected by centrifugation and dissolved in 700 ml 
of water. The solution was dialysed against a stream 
of tap water for about 24 hr., enough time for there 
to be precipitated the considerable amount ot 
resulting denatured impurities ; these were centrifuged 
off and discarded. Approximately 1,700 ml. of 
dialysate was obtained. 

The dialysate was mixed with 850-ml. portions of 
calcium phosphate gel. The pH of the mixture was 
adjusted to 5-0-5-5 with 1 N acetic acid and allowed 
to stand for 20 min. with gentle stirring. The gel was 
collected by centrifugation. It has been shown from 
experimental results that for 100 mgm. of 
protein in the dialysate 50 mgm. of caleium phosphate 


several 


following series of procedures was most 


The residue was 


each 


gel in drv welght was necessary for almost complete 


be? 
a 
4 
| 
=! 
vee 
| 


adsorption of Usually | mil. of dialysate 
includes 13018 mgin protein, and the same amount ot 
vel includes 14 mgm. of calcium phosphate ; accord 
ingly, one might use expediently one volume of gel 


to two volumes of dialysate for adsorption of the 


nrease 


enzyme 

Elution was acconiplished by gentle mixing of the 
portion of 15 
This is done 
after 
Total eluate wa 


gel avoiding foaming with 200 
pho phate bufter, pH 7-5. for 15 mun. 
three and the 
fugation m each case were pooled. 


times, eluates obtaimed centri 


approximate lv 600 rol. and displayed the activity of 


between 6.000 and S000 units per gm 

The 
With ammonium sulphate by adding 
Shy At the 


was recovered by relatively high speed centrifugation, 


saturation 
of it and 


up to DO per cent 


eluate was mac 


230) 


kept for end of this time, the precipitate 


olved in SO ml. of water and the enzyme solution 


was dialysed against 2 litres of distilled water for 
15 hr. (or overnight) in the cold. The outer fluid was 
renewed three tunes during the dialysis and about 
150 ml. of dialysate was obtained, of which activit, 


wis about 12,000 units per gm 


in the dialysate was changed into insolubk 
precipitation with acetone. At first the 
lalysate was brought to 7/15 referring to potassium 
phosphate by addition of either 
dihydrogen phosphate or 0-5 M of its solution. If 
some amount of precipitate had appeared during the 


| revise 


form by 


solid potassium 


period of dialysis it was usually redissolved by this 


treatment. (This precipitate contains considerable 
Urease in solute 
state was then precipitated by dropwise addition of 
6 vol. of with continuous stirring. To 
ensure that the urease is converted completely into 
insoluble form, the mixture was allowed to stand for 
temperature. Then the precipitat: 


urease so it should not be discarded.) 


acetone 


2 hr. at room 
contaming the insoluble form of urease was collected 


by centrifugation and washed with a small portion 
of water. Usually 93-99 per cent of urease activity 
in chalysate was recovered in the precipitate by this 
procedure 


The insoluble urease is made soluble by the action 
of 2-mereaptoethanol and the majority of the impure 
protem rejected as the insoluble part, so that the 
specific aetivity will inerease considerably this 
Step 

A mixed solution composed of 36 mil. of 0-025 17 
eitrate buffer pH 7-0 and 4-0 ml. of ten times diluted 


2-mercaptoethanol was added to 


aqueous solution of 


the acetone stirred enough to he 


precipitate, 


homogeneous and allowed to stand for 1-5 hu with 


intermittent sturrmg, after which the remaining 
precipitate was centrifuged off In this instance, 
approximately 70) per cent of the aetivitv was 
transferred to the upernatant, amounting to 40 ml 


\fter this was adjusted to pH 6-0 with 0-1 M eitrie 
acid, 0-3 vol. of acetone (12 ml.) was added and ke ptin 
chamber at 5 
and the 
few hours 
The 
amount of 


an ice rease Was soon crystallized 


out erystallization was completed within a 


included a stall 
tes The reer stallization 
ethod of Dounce! The 
ind 


shown in 


erude ervstals venerally 


nsoluble in 


Was easily achieved by they 


content of nitroger urease units, specific activity 


elds at each 


Fable 1 


Crease 


ep on each mstance are 


as an exan ple 
rified 
material with vield 23-33 per cent and erystals were 


also obtained from material showing a low 


was py some 1.000 told trom starting 


activity, 
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Pal 
Potal Tot i Viel 
N init t ty 
Water extract 23 500) 
First ammonium sulphate 
fractionation “44 
Calcium phospt gel 
eluate 7s 
Second ammonium sul 
phate fractionation $58 zt 11.400 47-0 
Precipitate witt eton 12.700 
Redissolved lu n TOO 
Crude eryvstal ‘i 22 
Reervatallization ones 114.000 
Reeryvstal ition four 
of only 65 units per gi Attempts to simplify the 


procedure leseribed here were but a sat 
tory result was not obtained 
The ervstals obtamed in this way were 


octahedrals in form of 3 in diamete 
\ photograph by phase 
presented in Fig. 1. The Sper ihe activity of pure urease 
which 


they had an activity of 130,000 unit-~ 


colo irless 
contrast 
erystals were reerystallized four times was 
determuned 
per gm. The electrophoretic experiments with them 
were carried out in veronal buffer of ionic strengt} 
0-05, pH 8-6 and in W730 phosphate buffer, pH 7-0 
respectively. Only one single and symmetrieal peal, 
was observed under these conditions 

Ureases which occur in some kinds of jack beans 
are with difficulty extracted with aqueous aceton 
though these samples include sufficient amounts of 
urease in them’. They are unsuitable as starting 
material for the method by However, 
almost all the urease in any 
extracted with water; because of this the aqueous 
extract of made in the first step. It 
is reasonable to assume that some obstructive 
factors may exist in these samples when aqueous 
acetone was used for the extraction of 
Sumner demonstrated previously that purified ureas: 
was converted into insoluble form by the procedures 


Sumner 
sample is easily 


urease Was 


consisting in adding ethanol and sodium chloride to it 
and keeping it at room temperature 

even crystalline the 
I found that, as the purification of urease 


solution 


moreover, urease vave 


result! 
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proceeded, more than 10,000 units per gm 
addition 
that 


easily converted into the insoluble form: by 
Uehara and Kobashi proved 
nsoluble urease recovered its solubility by the aetion 


of acetone 
of cysteine or glutathione. In the present work, loss 
ot activity was scarcely recognized when urease was 
onverted into form by treatment with 
It recovered its solubility by the action of 
small portion 


imsoluble 


ietone., 


inercaptoethanol ; at the same tim 
also redissolved out of the 


This 


upuritvy when urease was recrystallized. 


mpure Was 


nsoliuble 


protemn 
found as insoluble 


From these 


prec Ipitate Was 
pomts of view it is reasonable to infer that among th: 
~uphydryl groups of the urease molecule there 
be a special part which is relevant to the formation of 
the msoluble form as well as indifferent to the reveal 
ny ofenzyme activity, and the formation of disulphide 
nkage does not occur only between urease moles ules 
themselves but also between different protein mole 
‘ules. Urease was crystallized with good vield starting 
from aqueous extract of jack bean meal; whereas it 

ight be unsuitable for 
eryvstals thus obtained were identical with respect to 


Sumner’s method Urease 
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the erystal form and activity to those obtained by 
Sumner’s method!! 
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INHIBITION OF THE MULTIPLICATION OF INFLUENZA VIRUS BY 
ANILINE DERIVATIVES OF THE FRANCIS INHIBITOR 


By Dr. |. HOLLOS 


State Institute of Hygiene, Budapest 


Is generally accepted that the red-cell receptol 


concerned in hemagglutination by myxoviruses is 


an analogue of the receptor substances of cells which 
Two findings seem to 
the receptor® in 
amount 


ire susceptible to infeetion! 


support the active role of Virus 
multiplication: (1) its 
evelie fluetuation during the process of multipliea 
both the early 


inhibited by 


is subjected to a 


tion® ; (2) and late stages of 


pleation are the same chemical com 
porunds®, 

To investigate this question, human serum x-in 
hibitor (Francis inhibitor’) was prepared fron: Cohn's 
traction Hirst®. The in 
was completely inactivated at room tem 


of the influenza 


as recommended by 
hibitor 
perature by any active virus 
preparations tested 

The interaction between — influenza 
Budapest 4/49 (Bp) and x-inhibitor is 
Fig. LA. Equal volumes of virus and x-inhibitor 
solution were kept at room temperature. At intervals, 
Pol. samples were mixed with 0-2 mil. of a 5 per 
cent 
ce-bath for 15 min. and eentrifuged 
sediment was taken up in 0-5 ml. phosphate buffer, 
meubated at 37° C. for 2 hr.. and centrifuged. The 
titrated by Takatsv’s micro 
to determine the amount 
There was 


Virus 1 
shown in 


suspension of fowl erythrocytes, kept an 
The erythrocyte 


supernatants were 
method? for hemagylutinin, 
of virus recovered from the ervthroeytes 
a sudden drop in the recoverable virus in the early 
followed, virus had completely 
lisappeared, by a rise nearly up to the initial haem 


minutes, even if 
agglutination titre. 

The disappearance and reappearance of virus might 
be explained by a competitive antagonismn between 
z-inhibitor and erythrocyte receptor. At the begin 
ning, x- inhibitor, being in excess, prevents the adsorp- 


tron of the virus on the erythroeytes, but later, as the 
virus gradually the more and 
more of it will become demonstrable 

According to Wolley’s concept*, a hemagglutination 
inhibitor is expected to inhibit) virus multiplication 
if it combines with the virus more firmly than 
Mandel and Racker’ found such 
intestinal tract 


inactivates inhibitor, 


only 
dloes the cell receptor 
an inhibitor tothe GOUT virus in the 
of the mouse 

In attempting to prepare influenza virus inhibitors 
ineeting this requirement, we coupled aniline deriva 
tives by diazontumn linkage to a purified preparation 
of x-inhibitor. Coupling was followed by a second 
purification consisting of fractionations with alcohol, 
and dialysis at 4° ©. against a pH 7-2 buffer solution 
for 3 days. The purtfied preparation was stored in 
a frozen or lyophilized state. Control preparation 
(No. 17, Table 1) was submitted to all the procedures 
of coupling (mainly oxidative procedures) except for 
adding aniline derivative. 


Table 1. RELATIVE INHIBITORY ACTIVITY OF a-INHIRITORS 


in beemagglutination inhibitor 
units as tested with 10° of 


Singa- 
pore 


p-EthyvLaniline 
Diethvil-p 
phenvlene 
diamine 
o-Methyl-aniline 
0 A zot 
ehlorids 


| 
4 
} 2s 
K. K H tich. Brock Biophus., $8, 341 
Mork, 19 
ation compo PRS Lee 
No — 
‘ 
\4 
17 Non 204 204 110 
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Fig. 1. Influenza virus (strain 4* Budapest 4/49) recoverable from 


nhibitor-virus mixtures after incubation for different periods by 

visorption to and elution from chicken erythrocytes, Arithmetic 
means calculated from five experiments 

1,128 7.4 unite of virus + 64 H Al units of a-inhibitor; B,128 HA 

inite of virus + 64 HAT units of a-inhibitor, coupled to p-pheny!- 

enediamine; C, 512 HA unita of virus + 64 HAI units of 


a-inhibitor, coupled to p-phenylenediamine ; D, 128 HA units of 
virus 3 mgm./mil. p-phenylenediamine 
HA unit the amount in ml. of virus suspension causing 
partial hemagglutination HAT unit the amount in 1 mil, 
which partially inhibited hemagglutination produced by 1 ml. of 
Lee virus containing 4 A units 


Fig. 1,B illustrates an experiment with the 
p-phenylenediamine derivative of «-inhibitor. To 
prepare this substance, 3 mgm. of the lyophilized 
x-inhibitor was taken up in | ml. buffer solution and 
coupled to 3 mgm. p-phenylenediamine. (The lyo- 
philized material could not be redissolved com- 
pletely.) When virus was added to this modified 
mhibitor, a sudden decline in the virus recoverable 
from erythrocytes occurred. If high-titre viral 
preparations were used, some rise was observed later 
(Fig. 1,C), but when the virus preparation had an 
initial titre comparable with those used in the above 
experiments, no virus could be demonstrated in the 
eluates during the 6-hr. period of experiment (Fig. 1, 
B). The total disappearance of virus, which has been 
demonstrated in numerous experiments, could not be 
attributed to either the «-inhibitor or the uncoupled 
chemical compound alone (Fig. 1, A and D). 

The inhibition of virus multiplication was examined 
by Horvath’s roller-drum micro-technique’®. To 
determine the strength of the inhibitor several 
‘ilutions were tested. First, the inhibitor dissolved 
in 0-5 ml. medium was placed in each vial, then 
the allantoic membrane fragments in 0-1 ml. were 
added, and finally 0-1 ml. of the Bp strain of virus. 
lhe infective titre of the virus alone also 
determined as a_ control. Eight eultures were 
inoculated with every dilution. After 72-hr. ineuba- 
medium titrated for ham 
The inhibition of viral multiplication 


was 


tion, each culture was 
agylutination. 
was expressed as the percentage difference between 
the arithmetic mean of hemagglutination titres in 
the control vials and that for the experimental group. 
The inhibitory potency of a substance was character 
ized by the dose which caused a 75 per cent inhibition 
D,,). In Table 1, D,, is expressed in hemagglutina- 
tion inhibition units. (One such unit is present in 1 ml. 
of a preparation which partially inhibits the hawm- 
agglutination of a suspension containing 4 hem- 
agglutination units Lee virus, in the indicator state, 
per ml.) In order to estimate the reproducibility of 
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the index D,,, that for the diethyl-p-phenylene- 
diamine-diazonium-«-inhibit or was determined against 
10* JD,_ in five experiments. The coefficient of 
variation as multiplied by Student’s value was found 
to be 55 per cent. In the vials containing too little 
inhibitor to cause any inhibition the hemagglutination 
titres slightly exceeded the control ones. This slight 
rise in titre was reproducible and found in every 
experiment. Regardless of this, the relation of 
inhibitor concentration to the percentage inhibition 
appeared to be approximately rectilinear and was 
scarcely influenced by the strength of the inoculum. 

According to the D,, values determined against 
three strains (Table 1), preparations Nos. 3, 8 and | 
are considerably more potent (2-75-255-fold) than 
the control preparation. It was a general observa- 
tion that different strains were differently inhibited 
by the same compound. Some preparations, such) 
as No. 14, were even ineffective with one or 
two strains while definitely effective with others. 
The inhibition of multiplication by larger doses of 
the control preparation might be explained by 
thermo-inactivation occurring while the virus is fixed 
to the inhibitor. 

To obtain some information on the mechanism of 
inhibition, preparation No. 8 was added to an excess 
of active virus, kept at room temperature for 48 hr., 
centrifuged at 20,000 g for 1 hr., and the supernatant 
was heated to 90° C. to inactivate any virus possibly 
present. The heated supernatant failed to inhibit 
virus, indicating that the inhibitor had sedimented 
in combination with virus. (Free inhibitor was not 
sedimented in control experiments ; heating to 90 
failed to inactivate inhibitor.) 

The inhibitory effect of substance No. 8 has been 
studied in the embryonat ed egg. Sixty eggs were 
infected with 10° 1D,, of the Bp strain. Twenty eggs 
were each given 0-5 ml. of a solution containing 48 
hemagglutination inhibitor units 30 min. before 
infection, another twenty the same dose 30 min. 
after infection. The remainder served as control. 
After 48 hr. incubation the infective titres in the three 
pools of allantoic fluids were 10-7-*, 10-75 and 10-°-*, 
respectively. A similar inhibition (2-0 log,, units) 
was demonstrated with the Lee strain as test virus 

Thus it is concluded that some modified prepara- 
tions of x-inhibitor, being as avid for the influenza 
virus as «-inhibitor itself, combine with the virus 
more firmly than «-inhibitor does. Marked reduction 
in the amount of virus multiplication by preparation 
No. 8 has been demonstrated in the egg with two 
strains of virus even if inhibitor was injected 30 min. 
after infection. The modified inhibitors are expected 
to help us in studying the role of cell receptor in the 
multiplication of myxoviruses. Similar derivatives 
of neuramie acid esters might be of more practical 
mmportance. 


This work will be published in detail in the Acts 
Microbiol. Hung. (Budapest). 
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ACTION OF VICIA FABA ON ERYTHROCYTES : POSSIBLE 
RELATIONSHIP TO FAVISM 


By Dr. J. E. BOWMAN and Dr. D. G. WALKER* 


Department of Pathology, Shiraz Medical Centre, Nemazee Hospital, Shiraz, and Department of Biochemistry, 
University of Shiraz, Shiraz, tran 


"hoe disease favism is a hemolytic anemia which 
results from the ingestion of the broad bean 
(Vicia faba) by some people. The disease has been 
recognized in most countries around the Mediter- 
ranean Sea for many years, and its clinical manifesta- 
tions have been well documented'. Work both in 
Italy? and Israel? has shown that the disease only 
occurs in persons who have an inherited abnormality 
of the erythrocytes in that there is a deficiency of the 
enzyme glucose-6-phosphate dehydrogenase. This 
basic deficiency is reflected in a lowered level of the 
amount of reduced glutathione in the red blood cells 
and an instability of the glutathione in the presence 
of certain substances such as acet ylphenyvlhydrazine, 
aniline, hydroxylamine, z- and $-naphthol and the 
anti-malarial drug primaquine’. Such agents cause 
both in vitro and in vivo breakdown of erythrocytic 
glutathione, whereas agents such as ascorbie acid and 
cysteine cause in vitro destruction only®.®. 

We recently reported’ that extracts prepared from 
fresh beans of Vicia faba show a selective effect upon 
the glutathione of erythrocytes from sensitive 
subjects, that is, those possessing the genetic 
abnormality. This work has now been extended to 
show that the active agent of Viera faba is present also 
in extracts of pollen and pistils, that the effect on 
glutathione can be demonstrated simply by incubating 
whole blood of sensitive subjects with whole beans 
and that the effect is not due to common reducing 
agents such as ascorbic acid and cysteine. 

Table 1 shows the effect of incubating l-ml. blood 
samples from both sensitive and non-sensitive subjects 
with 0-1 or 0-2 ml. amounts of extracts of pollen and 
pistils. Blood glutathione-levels were measured before 
and after incubation®. The polien extracts were 
prepared by suspending 1 vol. of loose pollen in 10 
vol. of saline at 4° C. for 1 hr. followed by centrifuga- 
tion at 500 r.p.m. for 2 min.  Pistil extracts were 
prepared in a similar manner using 5 vol. of saline. 
Fresh young beans (approx. 8 mm. in maximum 
diameter) were used in the whole-bean experiments. 
In all three cases, the incubations showed a significant 
in vitro effect on blood from sensitive subjects com- 
pared with non-sensitive subjects. 

This effect. cannot be due to cysteine because this 
would give a colour with the nitroprusside reaction 
used for estimating glutathione. Control experiments 
showed that the addition of extracts to blood followed 
by immediate precipitation of the proteins and 
glutathione estimation (with no meubation period) 
has virtually no effect upon the apparent blood 
glutathione-level. Hence the extracts do not contain 
significant amounts of cysteine. Further, the effect 
of the extracts is not due to the action of ascorbic 
acid. To demonstrate this, an extract of fresh young 
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POLLEN AND PISTILS AND OF 
GLUTATHIONE 


EFFECT OF EXTRACTS OF 
WHOLE BEANS ON ERYTHROCYTK 


P 
Glutathione | value 
(mgm. per 100 ml. on 
red blood cells) basis 
before after | of*t’ | 
incubation incubation | test | 


Vol. 
ol 
tract 
used 
(ml.) 


No. of 


Subjects | samples 


- 
Mean S.D. Mean 8.D.| 
Sensitive 33-2 4-5-0 | 21:343°-2 
Non- 55: 348°3 48 046 3 ol 
sensitive | | 
Sensitive 
Non 


Sensitive 


Sensitive 36 5:3} 28-4450 
Non- 9-11 


sensitive 


beans was prepared using } vol. of saline by the 
method previously deseribed’. The action of 0-2 ml. 
of this extract (which contains not more than 3 ugm 
of ascorbie acid in the 0-2 ml., an amount far below 
the concentrations reported to have an in vitro effect 
on erythrocytic glutathione’) was compared with the 
effect of incubating 1 ml. of blood with 2 mgm. ot 
ascorbic acid in 0-2 ml. of saline. With an incubation 
time of 10 min. only the Vicia faba extract had a 
marked effect upon erythrocytic glutathione (Table 
2). 

These experiments show, therefore, that Vicia faba 
pollen and pistils, in addition to the bean, itself contain 
an active principle which has a marked effeet on the 
erythrocytic glutathione of sensitive subjects. The 
action is not due to ascorbic acid or cysteine so that a 
specitie effect of Vicia faba is still indicated. This 
direct action on the red blood cells in vitro suggests a 
way in which ingestion of the bean or inhalation of the 
pollen might result in in vivo hemolysis. 

It remains to demonstrate that tho effects shown 
in this article are specific for Vicia faba and are not 
given by other vegetables at least to the same extent 
Whole fresh peas, incubated as in the whole-bean 
experiments, showed no effect. Certain other vege- 
tables tried, for example, runner beans, caused 
massive agglutination of the erythrocytes. When this 
occurs, false low glutathione-levels are obtained. 
probably due to lack of complete hemolysis which 
is necessary for accurate estimation of the whole 
EFFECTS OF Vicia faba EXTRACT AND OF ASCORBIC ACI 


THREE DIFFERENT SAMPLES OF ‘SENSITIVE’ 
ERYTHROCYTES 


Table 2. 
GLUTATHIONE OF 


After incubation with | After incubation with | 
ibation ascorbie acid Vicia faba extract 


4 29 
24 
44 28 


100 ml. red blood cells. 
text, 


glutathione per 
see 


* All values are in mgm 
The inenubation time was 10 min for det 


3 
Table 
| 
| 
Soures 
activity 
| 
extract 
ad + H 
> 
Pistil 
Ntract 
in 
Whok 
4 
= 
Poise 
Gal 
| 
Before inci 
af 
| 
ay 


blood glutathione-level With Viera faba extracts, 
we have noted non-specific falls in glutathione if 


wided to non-sensitive blood containing insufficient 
ACD. 


were 


In these instances coarse clumps of blood 
observed. This effect is abolished with the 
addition of further anticoagulant. Only 
obtained in the absence of agglutination 
are therefore valid for the purposes ot comparison 
In our experience, Vicia faba extracts are the only 
verified 


those 


results 


which statistically 


action on ervthroeytie glutathione 


ones so far tested vive a 
selon tive 
of sensitive subjects 

Though these results in no was prove that favism 
is Caused by a direct action of an agent in Viera faba 
on erythrocytes by initiating hemolysis, they strongly 
that such a possibility should be tested 

Such a to offer an 


attractive alternative livpothesis as to how sensitive 


suigvest 


mero, direct) action 


appears 
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subjects may develop a hemolytic anemia following 
ingestion of the broad bean, although the evidence for 
allergy in addition to the genetic erythrocytic defect 
cannot be excluded®. 

We are grateful to the Misses Annerose Oemisch 
and Iran Haffarian for technical assistance and the 
Welleome Trust (London) for financial 
one of us 


support te 
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A GENE DETERMINING PRESENCE OR ABSENCE OF €-N-METHYL-LYSINE 
IN SALMONELLA FLAGELLAR PROTEIN 


By Da. B. A. D. STOCKER and De. M. W. MCDONOUGH 
Guinness-Lister Research Unit, Lister Institute of Preventive Medicine, London, S.W.! 
AND 


Dr. R. P. AMBLER 


Department of Biochemistry, University of Cambridge 


CCORDING to current views on the gene control 
A of protein structure’, the amino-acid which is 
to constitute a particular link in the polypeptide chain 
of a given protem is specified by a group of bases in 
a corresponding region of the deoxyribonucleic acid 
(INA) molecule gene which determimes the 
structure of this protein. Only twenty 
all in the configuration if 
const it protems, and it 

that difterent 
occur in DNA which specify amino-acids 


ofa 
amino-acids, 
active, 


optically are 


conunon of has been 


base-groups 


This hypo 


suggested only twenty 


thesis predicates (a) that the presence of an un 
common amino-acid in a protem always results from 
some cause other than its specification by a group ot 
bases in the DNA of the gene determining the amino 


the (for tron 


Common 


acid sequence of protem example, 


an un 
na polypeptide 


conversion of a amino-acid 
after 


and (4) that heritablk 


COMMON One its incorporation 


chain) ; Variation in resp et ot 
the presence or absence of an uneomimon amino-acid 
ma particular protem must result from the aetion of 
a genetic determinant other than the gene determining 
experi 
mental test of predicate ()) has now been made in 


the amino-acid sequence of this protein. 


respect of the uncommon amino-acid ¢-N methyl 
Ivaine, which Armbler and Rees reported as a eon 
stituent of the flagellar protein (‘flagellin’) of some 
bacteria of the genus Salmonella: in the material 
they examined Ivsine and N-methvl-lIvsine were 
about equally abundant. We have now found that 
N methyl-lysine is absent from some NSalmonella 
flagellins; and by genetic analysis, using phage 
mediated transduction®, we have located a gene 


determining the absence of N methyl] 
vaine in flagellar protein 


Flagellins from many Salmonella strains of various 


presence or 


species (serotypes) were tested for N-methyl-lysine 


by paper electrophoresis of acid-hydrolysed flagella 
with results to be reported in detail. In the case of 
able to proces 
types) 


strains 
dist inet 


diphasic strains (that is, 
flagella of either of two 
flagella were collected from cultures in phase 1 ane 


antivent 


from cultures in phase 2. In each of the ten diphasic 
strains tested, the two flagellins obtained were alike 
in respect of presence or absence of N-methyl-lysine 

Seven straims of S. typhimurium (phase Il antigen 

phase 2 antigen 1.2.3) were all positive for N-methyl 
Ivsine ; four strains of S 
and 1,2) were all negative for N-methyl-lysine 
of thirteen strains of S 
no second phase), four were negative for N-methyl 


paratyph B (antigens 
But 


derby (phase antigen fig; 


Ivsine, the rest being positive 

We next tested flagellins from a series of motile: 
derivatives of SW 543, a non-flagellated monophasic 
strain of S. paratyphi B with the (latent) phase | 
flagellar antigen 6. The flagellar protein of a flage! 
lated mutant of this strain lacked N-methyl-lysine, 
like the flagellins of other strains of NS. paratyphi B 
Stram SW 543 lacks flagella 
mutation at a fla locus close to the 
regulates the phase | flagellar antigen, and motile 
clones obtained from it by transduction of the fla 


tested. beeause of 


locus which 


gene trom a motile donor strain, are of two sorts 
one sort show flagellar antigen 4, and are attributed 
to replacement of only the fla~ gene of strain SW 543 
by its wild-type allele from the donor strain; the 
other sort have the phase | flagellar antigen of the 
donor strain, and are attributed to replacement of 
both the fla 
the phase | flagellar antigen 4 of strain NW 543 by 
nine motile 


gene and the linked gene determining 


their alleles from the donor strain’. Of 
transductant clones of the latter type. with phase | 
straims, 
donor 


flagellar antigens derived from: various donor 
tht were positive for N-methyl-lysine ; the 


‘ 


el 
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NSTITUTION AND N-METHYI 

RECOMBINANTS OBTAINED BY 

PETERMINANTS BETWEEN 
LATE STRAINS 
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-LYSINE CHAKACTEI 
TRANSDUCTION Ot 
FLAGE! 


ANTIGENL 
FLAGELLA OF 
4} ANTIGEN 


y Wild-t 
ent stram 
he ‘i 


en il 


the 


recombinant 


rned im the case ot exceptional, 


methyvi-Ivsime - negative 
be itself negative for N-methvl-lvsime By 

ten clones of the first type, that ts, with antigen 
the fla 


Comet 


was found 


Con 
each obtamed by transduction ot gene 
N-methyl-lysine - positive 
These results indicate 
N-methyvl-Ivsine in 


from a strain, were all 
negative for N methyl lysine. 
that the presence O1 absence of 
the flagellar protein of a straim in phase | is controlled 
the which determines the antigenic 


either by 
character of by a closely linked 


gene 
this protem or 
vene. 

The phase | and phase 2 flagellar 
Anphuasne strains are controlled, respectively, by two 
series of alleles, at loci termed H, and H,, which in 
phaye-medited transduction appear unlinked? \ 
series of hybrids obtained by transduction of one or 
other of these genes between flagellated diphasie 
strains differing both in N-methyl-lysine character 
and in their phase | and phase 2 flagellar antigens 
were next examined. Table | records the results 
obtained on testing recombinants of a strain of S. 
typhimurium (positive tor N-methyl-lysine ; flagellar 
antigens / and 1.2.3) and a strain of S. abony (negative 
and less 


antigens of 


for N-methyl-lysine ; antigens 4 CML) 
extensive experiments on other strams: gave 
results. It was found: (i) that the antigenically 
distinct phase | and phase 2 flagellins produced by a 
alwavs alike on 


N-methyl 
flagellar 


recombinant strain were 
the presence on absence of 
amd (11) that thie 
antiven of a strain was altered by transduction, the 
Nomethvi-lvsine character of the recombinant was 
alwavs the same as that of the strain from 
which the phase-l antigenic determinant (H,) had 
been transdiueed ; whereas replacement of the phase 
detemminant (H,) of a strain by transduction 
strain of character effect 


N methyl Ivsine character of the recipient 


respect of 


phase 


when 


donor 


from a had no 


opposite 
on thre 
strain 
indicated that 
absence of N-methyl lysine im the 
nella strain is decided by a 
linked to, or part 
alternatives, 
assortment of phase 1 
and N-methyl-lysime  ¢ haracter 
The recipient strain was a monophasic 
RB (phase antigen 
for N-methyl-lvsine 


the 
flayvellin(s) of a 


results presenet 


tic determinant 
of, the H, 


a search 


Nuly prem 


which is either closely 


‘To decide between these 
was made for re antigen 
character during 
transduetion 
flagellate stram of S. pa atyph 


no second phase) and negative 
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were used: in cross 1, a sub-line 
strain LT. positive for N methyl 

Lantiven being 7 M6 (a 
Joys, T. M., unpublished 
mutant of the 


site 


Two donor strains 
ofs typh 
lvsine, diphasic, the phase 
derivative of 


In cross 2, a 


thutant 
non-motile 


work 

strain, lacking flagella because of 

linked to H 
flagellar 


moculating 


mutation at a 
Motile transductants with the 
of the 
phage-treated reempent 
sufficrent 


bacteria 


closely 


phase 


int donor train were 


the 


solid 


selected by 


bacteria mto semi containing 
anti-/ serum to prevent the spread of miotile 
with antigen / From cross | we tested sixteen clones 
W76. resulting from transduction of the 
from the donor strain; all 


N-methvi-lvsine, like the 
tested ten clones with antigen 


with antigen 
H, locus 


positive for 


motile were 


strat 
From cross 2 we W6, 
resulting from imncorporat on by recipient bacteria ot 
the H, but mot the 
closely causing non-motility 

N-methyl-lysine, like the 
donor. while two were negative, like the recipient 
This indicates the of a locus for N-methyl 
Ivsine character which is closely linked to H,, buat 
lying between H, and 
the non 


donor 


vene from the non motile donot 


linked gene its 


eight) were positive ft 


separabl from it probably 
the 


motile donor 


gene causing absence of flagella in 


strain used 


Cross 1 


Dono 


Recipient | 
NMI 
Cross 2 NML 
Donor 
Recipient 

NMI 


In cross | motile transductants with antigen 7.76 
can be produced by mecorporation of a single trans 
cross-over tn 


if & is much 


dueed chromosome fragment by one 
region a and one in region 
shorter than ¢ plus @, then nearly all such trans 
duetants will have the N-amnethyl-lysine character ot 
In cross 2 one cross-over ina and 
if 6 os very much 
proportion of the 
M6 will have 


the 


or d > 


the donor strain 


ome mn or are not 


required : 
substantial 
with antigen 7 


character of 


than «, a 
motile recombinants 
the N-imethyl-Ivsine 
strain. 

Thus the presence or absence ot N methyl Ivsine 
in the bacteria 
flagellar antigenic phase gene 
which is not closely linked to the H, gene determining 
the antigenic character of this protein; and in the 
case of bacteria in phase | by a gene closely linked 
to, but separable from, the H, gene determining the 
the protem produced. The 
that Salmonella flagella 
protein. The H, and H, 
only the 
phase 2 flagellar 


shorter 


flagellar protein produced by 


is determined by a 


antigenic character of 


available evidence sugyests 
are composed ofa singh 
venes presumably specify not antigenic 
the phase I and 
t | econ plete 
different 


sical properties, in 


pen ificities of 


protems bu amino-acid 


antigenic 
types differ in sore relative 
the peptide 


this 1 


certain mmo-aerd nd 
thei 
npublished 
thre 


protems by a 


abundance of 
enzymatic digests 
ults). If 


absence ot 


other 


maps’ given by 
and MeDonough 
o, then the control of 
N-methyvl-lIvsine m these } 

H, or H, is in accordance with predicate (+) 
above. that the 
absence of an uncommon amino-acid in a particular 


presence or 
gene 


than 


genetically determined presence or 


PLAGEL 
Strain Phase 1 flag Phase ell 
¥ ription Clone No Antiger ' 
Wild-type parent 
tuphines 
abony 60s , af 
trom 
aay 
MI fa 
flu 
7 
fla’ 
a 
a 
; 
| 
ve 
| 
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protein cannot be controlled by the which 
specifies the amino-acid sequence of this protein. 
The experimental results are thus compatible with 
the hypothesis that only twenty different base-groups 
specifying amino-acids occur in DNA. 

The proteins of Salmonella other than flagellar 
protein do not contain N-methyl-lysine in detectable 
rmounts. The gene determining the presence of 
N-methyl-lysine in flagellin, but no other protein, 
perhaps causes the production of an enzyme which 


gone 
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certain lysine 
Experiments to 


methylates the ¢-amino-groups of 

radicals in flagellin already formed 

test this hypothesis are being made. 
We thank Prof. J. Lederberg and Dr. N. Datta for 

providing some of the recombinant strains used. 
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CYTOLOGY OF CELLS WHICH SYNTHESIZE PROTEIN 
By M. S. C. BIRBECK and Dr. E. H. MERCER 


Chester Beatty Research Institute, Institute of Cancer Research, Fulham Road, London S.W.3 


- HE cells found in glands which synthesize and 

secrete protem have vory extensively 
studied by biochemists and cytologists with the 
object of discovering the cellular processes associated 
with protein In this article we wish to 
describe and comment on the fine cytology of another, 
but less-stucdied, 
protein 


been 


synthesis. 
class of cells which synthesize 
These, in contrast to secretory cells, retain 
their product within their plasma membrane and do 
Examples are the cells of the mam- 
malian epidermis which make keratin, the myoblast 
which forms the musele proteins and the erythroblast 
which forms For want of a_ better 
name we shall call these cells ‘retaining cells’. As 
well as these examples of cells which synthesize 
there are 

similar cytoplasmic structure. 


not secrete it. 


h em wlobin 


which have a 
These are cells with 
a high rate of growth, for example, animal embryonic 


specific proteims others 


cells, plant moristematic tissue, bacteria and many 
tumours. In these cases the protein svnthesized ts 


their own cellular protein 


The Secretory Cell 


Examination on the electron microscope of thin 
sections of secretory cells has revealed in many of 
them systems of membranes to which are attached 
numerous dense particles 100-200 A. in 
(Fig. la). The almost simultaneous 
these structures by several groups, 
their 
terms, has produced a complex 
The 


Tors, 


diameter 
discovery of 


who each introduced own 


nomenclature two most 


commonly used ‘ondoplas 


mic reticulum’! and 
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The fine cytology of the two kinds of cells forming protein 
cell, and (4) the retaining cell 
of Golgi membranes 
membrane or membrane covered with particles. 
free and there are few a-cytomembranes. ; 4 

protein appears freely throughout the cytoplasm and is not contained in vesicles 


smooth membranes found in the Golgi of the 
cell as ‘y-eyLomembranes . The particles themselves 
have at least three names (namely, Palade, RNP or 
microsomal particles). The use of the terms ‘micro 
and inadvisable since these 
terms are operational terms for specifying biochemical 
fractions and therefore with 
morphological structures. 

Porter* was one of the first to point out the corre 
cell and 
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lation between «-cevtomembranes in a 
basophilia 
INICTOSCOPIE studies of Palade and Siekevitz® showed 
that x-cvytomembranes are the main component of 
the microsome fraction of the cell, and furthermore 
that the particles are found in the ribosome fraction 
It was therefore inferred that the particles are the 
site of much of the cytoplasmic ribonucleic acid, 
the relationship of 
generally accepted®,?. 

The presence of the particles in these cells is 
therefore understandable, but the funetion of the 
Some have 


which to protein synthesis is 


membranes is more obscure. suggested’! 
that they may provide an interconnected pathway 
in the cell which Is required to guide both raw 
materials and products of protein synthesis from one 
site in the cell to another. Inter-connexions between 
the different membrane systems are occasionally 
seon: however, evidence that all the membranes 
are connected (that is, to form a reticulum), which 
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could only be obtained from serial sections, is still 
lacking. The membranes could also function as a 
support to localize enzymes!'® ; they would represent 
the cytoskeleton described by Peters'!. A recent 
comprehensive review of these structures by Hague- 
nau'? covers both the microscopical and the bio- 
chemical observations. 

Nearly all the electron micrographs of these 
structures have been made after using osmium 
tetroxide as a fixative, which is particularly satis- 
factory for delineating both membranes and particles. 
Other fixatives give different images; for example, 
permanganate fixation!’ reveals only the membranes, 
and formalin fixation (unpublished work) shows 
only the particles ; in this latter case the particles 
are arranged in sheets, so that one would infer that 
the membranes are preserved but lack sufficient 
electron density to be visualized. Recent observa- 
tions by Sjéstrand and Hanzon'* on frozen-dried 
tissue have indicated that, after this method of 
fixation, no particles are seen, but instead a@ con- 
tinuous layer of electron-dense material. Assuming 
that this method of fixation is the most likely to 
preserve the structure of the living cell, it has been 
suggested that the particles are an artefact of osmium 
fixation. However, the similar and regular size of 
the particles as shown both by electron microscopy 
and by ultracentrifugation makes it unlikely that 
they are a random aggregate of material. An 
alternative explanation would be that the particles 
extend over a much larger volume in the cell than 
the micrograph of the specimen fixed with osmium 
tetroxide would suggest; this would be expected 
if they had a large degree of hydration. 
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Retaining Cells 


The correlation of many structural 
aspects of secretory cells with biochemical data has 
tended to obscure the fact that it applies only to this 
particular class of cells. The other group of protein- 
synthesizing cells, the retaining cells, prove to have 
a very different appearance in the electron micro- 
scope, for in these the elaborate system of membranes 
with particles («-cytomembranes) is not 
present (Fig. 1b). Dense particles similar to those 
found on the a-cytomembranes in secretory cells 
are numerous, but in retaining cells they are freely 
dispersed in the eytoplasm. The distribution of 
particles corresponds to the diffuse basophilia of 
these cells. 

We originally observed that the cells of the hair 
cortex, where the fibrous protein keratin is synthesized 
and retained in the cell, had this type of cytoplasmic 
structure'®. This led us to study other cell systems 
The 
From our observa- 
some general comments 


suecessful 


covered 


which also retain the protein they synthesize. 
cells studied are noted in Table 1. 
tions we are able to make 
about these cells. 
Retaining cells are not devoid of membranes; a 
nuclear membrane with typical ‘pores’, and a plasma 
membrane, are always present Moreover, a cluster 
of smooth 
cell is usually seen. 


membranes in the Golgi region of the 
Indeed there is much evidence 
for regarding this system of membranes as a universal 
cell However, the characteristic feature 
of these cells is always the large number of free 
particles ; from this it follows that these particles, 
which are not necessarily attached to membranes, 
are the cytoplasmic element 
with protein Another 


structure. 


essential associated 


svnthesis. feature of these 
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Table 1 
Type of cell 


Epidermal! cells : 

skin 

hair cortex 

hair inner root sheath 
Erythroblasts 
Developing muscle cells 


Product 


Cells synthesizing 
specific protein Keratin 
Keratin 
Keratohyalin 
Haemoglobin 
Actomyosin 


Rapidly prolifer- 
ating cells 


Embryonie cells 
Tumour cells 
Lymphocytes 
Meristematic plant cells 
Bacteria 


General 
cellular 
protein 


cells is that the protein, the produet of synthesis, 
is not enclosed in a membrane ; whereas in secretory 
cells a membrane either encloses the secretory granule 
or alternatively the protein appears inside the 
distended vesicles of the «-cytomembranes (S, Fig. la). 
The absence of limiting membrane in retaining cells 
is perhaps connected with the fact that the protein 
does not pass through the plasma membrane. 

The examples of retaining cells in Table 1 may 
themselves be divided into two classes. The first 
examples are cells the cytoplasm of which be 
comes tilled with a specific protein. During the 
period of protein synthesis the cells contain free 
particles, but eventually the cytoplasm becomes 
completely filled with the protein and the particles 
disappear. The resultant cell is a fully differentiated 
one, and does not afterwards divide. The second 
group of cells are those with a high rate of cell division ; 
the protein synthesized in these cells is the cellular 
protein required for growth. This second type of 
retaining cells includes several groups of cells, which 
it is convenient to discuss separately. 


Embryonic and Tumour Cells 


Embryonic cells and ova have mixed cytoplasmic 
pattern (Mercer, E. H., and Wolpert, L., unpublished 
work), both free particles and particles attached to 
membranes being present. Free particles at first 
predominate, but as cleavage and differentiation 
proceed, @ separation into secreting and retain- 
ing cells emerges. (See also Slauterback and 
Fawcott'°2.) 

Tumour cells may be of either type. Tumours 
derived from retaining type cells, for example, 
epidermal carcinomas (Mercer, E. H., unpublished 
work), have the corresponding cytoplasmic structure. 
Primary tumours, which are derived from secretory 
cells and which are sufficiently well differentiated 
to retain their secretory ability, for example plasma 
cell tumours'*, contain «-cytomembranes. Those 
tumours, however, although perhaps originally well 
differentiated, that have lost their secretory ability, 
are of the retainer type'’. These would include 
most of the anaplastic animal tumours maintained 
by serial grafting, both in the solid and in the ascites 
form, as our own work has shown (Mercer, E. H., 
and Easty, G. C., unpublished work). This reversion 
of tumour cells to the cytoplasmic pattern of embry- 
onic cells correlates with many of their other proper- 
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Plant Tissues 


Plant meristem tissue contains high concentrations 
of free particles'® and may thus be regarded as of 
the retaining-cell type. reports'®?° claim 
the presence of endoplasmic reticulum, but the use 
of this all-inclusive term fails to make clear whether 
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believe that there are any permanent imterconnex1ons 
in retaming The connexion between the 
cytoplasmic membranes and the nuclear membrane 
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Talking of Kraucke’s drawing, when we first published it, led to our receiving a fan mail, so we 
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LETTERS TO 


RADIOASTRONOMY 


Secular Variation of the Flux Density of the 
Radio Source Cassiopeia A 


1951, Rvle and Elsmore! reported on a series 


of observations of radio sources meter 


using an 
Me.s \ 
hundred 
for eimht 


ferometer a nev of SIS 


son of the 


tre 


densities of 


pratt flux about om 
nonti revealed no long ter 


0 per cent, or for some of the 


Ourees Tea every day 


Variations gre 


eon 
iter than 
ont rees 


ense 


vreater than cont 


D per 


It is now believed tha majority of sources are 
not 


few 


e\tra-galaetie and would therefore expected 
vears only 


Com 


show anv intrinsic vari ons over a 
A number of 
the 
paratively 
that the Interne 
this Optical study of 


ourees, however, have been identi 


with remnants of galactic supernovee of 
and Minkow 


assiopeia \ 
this 


recent origin, ski? has shown 
Is probably at 
is cliftic 
gion, but 
neasures of the velocities of the faint visible filame 
rvest that the exploded 258 14 
There is clearly the possibility of being able 
detect a change 


souree 
souree 
heavy obscuration in the re 
ago 
in the intensity of this source 

Some observations for this purpose were carried out 
n Cambridge in 1956 with apparently positive results, 
but ait was felt that further 


This h is 


contri ion Was required 


that the 
about q° pel 


are also in 


recently been obtained and reveal 


density is decreasing by 


annun Similar rement 


the U.S. National Radio A 
Bank (J. Findlay, private 
$20) Me. s 


“yet 
its 


progre 
stronomy Observatory, 
{sreen a’ 
a trequeney of I, 

\l solute 
easy, but fortunately 


21 


flix densitv. are ret 


the flux density of ¢ assiopera A 


at x 32°) mav readily be 
pared with that of Cygnus A 
BH), 


at metre 


at x 19h. 


simce these sourees “are the 
lengths and are not far distant from 
sky A has been ident itied 


with a pair of colliding galaxies and its flux density is 


wave 
one another in the Cygnus 
not likely to change appreciably in a time small com 
pared with that taken by radio 
the souree itself vears. 


waves (oO traverse 
The same aerial® has been used for all the observa 
tions, Which have been at a frequeney of 81-5 Me. 's 
It is a 7 
broadside 
lengths, separated by 


west 


fixed transit Instrument cons 


lengths on an east 


sting of two 


arravs, each measuring 


100 wave 


wave 
axis. The reception pattern of each aerial i 
therefore restricted to 3 om an 
bat 45° in the north 
There are three sets of observat Ions, 


Cast west plane. 
south plane 


Decerny 


covers about 


one im 
Tal 


Mean ratio « 
Tut res 
Cassiopeta 


Decemt 1048) 
January 
November 1956 
December 1060 
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plitudes of record 


Aas a funetior 
stundard errors 

1944, on 
The 
first two series was a total-power receiver of the type 
developed by Machin, Ryle and Vonbergt and for the 
In 
ms of seintillations 


14, 10 and 


in November 1956 
receiver used for the 


1948 and January 


ber 


and On? Dew rribe ! 


third series, a phase-switching receiver each 


records showing obvious si 
been discarded, 
13 days, 

Table | 
record amplitudes of ¢ 
three 
pl tted ava 


ase, 
leaving records of 
respectively 

ratios of observed 
A and Cygnus A for 
Fig. | they 
observations 
standard erro the the ratios are 
ndicated on the plot It noted that the 
t beon corrected for the aerial polar 


rives the averages of the 
‘ASS1Oper 
sets of observations and in 


the the 


the ur 


dates o 
averages of 
should be 
ratio 
diagram 
Uriless some unknown systematic error varying with 
for a 
change in the relative flux densities of Cassiopeia A 
and Cygnus A. If it is assumed that the flux density 
of the latter has then a 
least squares solution for the best straight line through 


time is involved, there is very strong evidence 


SOuree remaimed constant, 
the points indicates a decrease in the flux density of 
A of (1-06 per annum 
\ number of possible sources of error are eliminated 

the for all the 
Some others that have been considered 
the 1 
Variation of output time constant 
the interference fringes of Cygnus A’ and 
( USSIOpera \ differ) and changes in the polar diagram 
None is thought to be sufficient to 
account for the observed change of The effect 
of the increase of the angular size of the Ca siopeia A 


(‘as peer cent 


by the use of same aerial svstem 
observations 
include non-linearity of ceivers, effects of a 
(since the periodici- 


ties of 


of the arrays 
ratio. 
with time is quite neglicible 

Shklovsky*®, assuming that the radio radiation 
due the synchrotron made a 
theoretical prediction that the present vearly frae 
tional change of the flux density of Cassiopeia A is : 


AS, 


aye 


to mechanism, has 


nm vears 


‘ 
i 
ay 
4 
- 
aes 
ig 
: 
3 
Date of observation 
5 
} 
* 
: 
de 
ik: 
“4 
ae 
Cygnus A f mean 
| 


562 


2a) and a, the spectral imdex, is 


where 8 2(1 + 
If x = 0-8 and the age is 258 yr., 


given by: S, 
then : 
45, 


S 


2 per cent 


which is remarkably close to the observed figure 
Some of his assumptions are debatable and it would 
not seem difficult to modify them to obtain an even 
closer agreement. Shklovsky’s argument involves a 
constant energy spectrum for fast electrons and a 
magnetic field inversely proportional to the square 
of the nebular radius. This implies that the frac- 
tional change will be independent of frequency, as 
seen above, since 8 for Cassiopeia A is independent 
of frequency’. It will be interesting to see if observa- 
tions at other frequencies confirm this. 

In conclusion, the obvious point must be made that 
Cassiopeia A should no longer be considered as a 
standard source for the measurement of flux densities 

We thank Prof. M. Rvle for the loan of the records 
taken during the period December 1948-January 
1949. 

A. HécBom* 
J. R. SHAKESHAF! 


Mullard’ Radio Astronomy Observatory, 
Cavendish Laboratory, 
Cambridge. 


* At present at Sterrewacht, Leyden, The Netherlands, 

* Ryle, M., and Elsmore, B., Nature, 168, 555 (1951). 

* Minkowski, R., Paris Symposium on Radio Astronomy, 
by hg R. N. (Stanford Univ. Press, 1959). 

* Ryle, , Smith, F. G., and Elsmore, B., Mon. Not. Roy. 
tie. (1050) 

é Machin, K. E., Ryle, M., and Vonberg, D. D., Proc. Inst. Elect. Eng., 
Part 3, 99, 127 (1952). 

* Ryle, M., Proce, Roy, Soc., A, 221, 

* Shklovsky, I. 8., Astro, Zhur., 37, 25) 

* Whitfield, G. R., Mon, Not. Roy, Astro. 
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RADIOPHYSICS 


A New Method for the Calculation of N(h) 
Profiles from lonospheric h'(f) Curves 

Recentiy'*, a lamination method has been 
developed for the calculation of electron density- 
height profiles (N(h) profiles) from ionospheric virtual 
height-frequency curves (h’(f) curves) with an elec- 
tronic digital computer. 

This method includes the evaluation of integrals 
of the ‘group refractive index’ u’ of the radio waves in 
the ionosphere. Generally, uv’ is related to the 
(phase) refractive index » through the equation : 


= d(fu)/df (1) 


where uv’ and uv are functions of the frequeney / of the 
wave and the electron density N(A) in the ionosphere, 
which is a function of the height A above ground. 

According to the magneto-ionic theory, u is given, 
under the influence of the Earth’s magnetie field Ho, 
by the Appleton—Hartree formula as’ : 


1 4 Y7* 

for the ordinary wave, 

and 6 is the angle between the 


H,. (.H, H,) 


where 
cos fi, 


sin 9, Y 


wave normal and 
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Sul = ¢4oH,/2xm) and [Ne*/me,]'"/2x) are 
the gyro-frequency of an electron and the plasma 
frequency in the ionosphere in M.K.S. units. 
An ionospheric h’(f) curve for the ordinary wave is 
given by : 


hy 
h’(f) -| o(h))dh (3) 
0 


V(A) in and kh, 
wave is reflected, 


is used instead of 
level where the 


where /,(k) 
de notes the 
fol(hy) = f. 
Assuming that f,(i) is a monotonic function of h, 
equation (3) becomes : 


h’'(f) —hy = fe O 


h, is the level where /,(h,) 0, or N(h,) = 0. 

Equation (4) is the starting-point of the lamination 
method!, 

Since formula (2) for u is rather complicated and 
u’ is related to u by equation (1), the evaluation of 
integrals of u’ seems, even by the use of an electronic 
computer, very elaborate’. 

To avoid this difficulty, I have devised an improved 
method for the calculation of N(h) profiles. 

Integrating both sides of equation (4) with respect 
to f, over the range of O-.<f <f;: 


fy 


and changing the order of integration in the right side 


of equation (5) : 
= (dhe fo) /Afy) f,)df 
0 


(5) 


According to equation (1), the wena in the above 
expression Is : 
| = ful f. fo) | 
f 


fy f fo) 


Since uf a a = by equation (2), equation (5) 


reduces to: 
— holaf fis fof, 


Or, putting 


obtain 


af) — he = | (Ah fo) Afo)ulf, (6) 
0 

where g(f,) is then the 

0 

Equation (6) is equivalent to equation (4) and can 
be used for the calculation of N(A) profiles after the 
same manner as the above-mentioned lamination or 
matrix method'!; but equation (6) contains the 
‘gral of » instead of pv’ in equation (4), so the 
programming for an electronie computer by equation 
(6) will be, we believe, much easier than that of 
equation (4). 

It should be noted that this method ean also be 
used for the A’(f) curve of the extraordinary wave. 

Furthermore, as f approaches fre quency 
f., the virtual height h’(f) tends to increase infinite ly 
and h’(f.) is often indefinite ; but, if: 


average of A’(f) within 


inte 


critical 


at fe) Lim 


(1 if.) { h (fydf 
=» 0 


(4) 
“ts 
h’(fyaf gi and f, —f, 
f, Jo 
- (2) 
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converges, the height of maximum electron density 
h( f-) can be determined by equation (6). 

Physically speaking, if the N(h) profile has a definite 
maximum point, g(f-) will converge: and _ vice 
versa. 

has the property that fo) ©, but 
(fo, fo) = 0; and this may be related to the proper- 
ties of h’(f-) and g(f-). For example, if an approxima 
tion of A’(f) = A/(/ f)™ is valid near the critical 
frequency fe, where A and m are constants greater 
than 0, 9(f-) converges if 1 m~> but h’(f-) tends 
to infinity. 

Since g(f) in equation (6) should be a monotonic 
function of f, h’(f) should also be monotonic : there 
fore, this method cannot be applied for an N(/) protile 
which has a ‘valley’ in the electron density 

The sealing error ¢ of the h’(f) eurve would be 
given by 


h’(f  sealoa h’(ferae dh’ 


(dh'( (7) 


where dh’ and 4f are the height and frequency errors 
which are proper to the quality of the /’(/) record, and 
are considered to be random variables. 

Simpson's numerical integration method® will be 
adequate for the calculation of g(/) from the sealed 
values of h’(/), and if a sufficiently large 
n-points (including the value of 4,) are scaled from 
0 and f f, near f-, the 
will decrease proportionally to 
On the other hand, the 
hf) curve then can be represented, for example. 
through the Lagrangian interpolation formula’, 
by a polynomial of degree () 1), passing through 
these n points, by 


number of 
an record between / 
relative error of q(f 


the inverse square root of n 


‘I hen 


component ch 


bv a factor of ] 
than th 

This defect, however, seems to be offset by the 
property of ), which is rather insensible to the 
possible large scaling error of the h’(f) record near the 
critical frequeney /- owing to a large value of dh’(f)/d/ 
near f, is, 


gree m in is diminished 
1), which is of higher order 
* of the relative sealing error of 


80 the 


factor 


in equation (7); and the behaviour of h’(/) 

prob ibly, responsible for the terms of higher degrees 

in equi (S) 
Furth r detail 


where 


vork will be reported else- 


H. Hoo 


Radio Research Laboratories, 
Kokubunji P.O., Koganei-shi, 
Tokyo. 
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Influence of an Electric Field upon the 
Heat Transfer from a Hot Wire to an 
Insulating Liquid 

Ir a non-uniform electric field is applied to a 
medium of dielectric constant A,, containing a region 
of lower dielectric constant A, the latter will experi- 
ence a force directed towards the region of lower field 
strength. This force is proportional to the difference 
between the two dicleetric constants and the gradient 
of the square of the electric field. Now, when a liquid 
is heated, and expands, there is a resultant fall in 
dielectric constant, so that if the heating occurs in a 
region of high field, the heated liquid should be forced 
into regions of lower field strength. 

In a recent ¢ xperiment, we have been able to show 
that this effect can be used for enhancing the rate of 
heat transfer between a heated wire and an insulating 
liquid in which the wire is immersed. 

The apparatus consists of a coaxial cell, in which 
the hot wire, which is at ground potential, is sur- 
rounded by a cylindrical electrode, to which the high 
voltage is applied the current 
flowing through the wire and the voltage drop along 
it are used for determining both the temperature of 
the wire and the power input. Under equilibrium 
conditions (attained in a few seconds), the heat input 
to the wire becomes identical to the heat transferred 
from the wire to the liquid 

The 


Measurements of 


results given in Fig. 1 were obtained using 
hexane as the working fluid ; the central electrode was 
a O-l-mma. nickel wire, and the 
electrode was a diameter nickel cylinder, 10 
em. in length. 

In Fig. 1, the upper curve corresponds to condi- 
tions of zero applied field, and shows the loss of heat 
from the horizontal wire due to natural convection ; 
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Wire temperature versus power input for 
f zero 5 and 7 kV.,d.c. Ambient tempera- 
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the sudden break im the curve, at a power rapt ot 

about LOW... corre sponds to the onset of boiling 
When a d.c. potential of a few kV. was applied 

and the evlinder, there was a fall 


between the wire 
be seen from 


in the temperature of the wire, as 
the curves (Fig indicating a considerable en 
transfer coefficient (Fou 


hancement of the hea 
sample, below the region ol boiling heat transfer, im 
voing from zero to 5 kV., the mean temperature rese 
approximately halved, madicating ea 


coetherent .) 


of the wire vas 
doubling of the heat transfei 
to note that in the region of boiling 
heat transfer, bubbling of the liquid around the wire 
could be suppressed by applieation of the field: as 
1. this results in a decrease in 


It is interesting 


ean be seen from Fig 
heat transfer coefficient in going from zero to 2 k\ 


though this effeet is restricted to 
viemity of the onset of boiling 


The results shown in Fig. | were 
but virtually identical 


obtained with a 


positive applied hi h voltayg 


results were found with a negative voltage This 


observation is consistent with the initial asstunption 
that the effect is an clectrostati 
the electrostatie field Electron micrograph of 


that the mteractions heoween 

and ions im the liquid play a negligible pari im this vanine overlying a second erystal 
m the Bragg extinetion contours 

representation of the 


one, and shows 


nomenon 


Keith WATSON 
Equations (1) and (2) enable one to obtain 


. mtensity distribution at the exit face of the ervstal 
General Electric Research Laboratory, : 


New York 
that is. 


Electron Microscopy of Crystal Lattices : 
an Anomalous Effect 


(N explanation of intensity modulations in electron 
micrographs of crystal lattices! has recently been given 
by Labaw?, and Hashimoto, Naiki and Mannami* 
have published a theoretical interpretation of fringe 
separation modifications which occur when a Bragg 
extinetion contour lies in the same direction as the 
‘lattice planes resolved. The present com 


erystal 
deals with the conditions which exist 


when a Bragg extinction contour lies across the lattice 
planes im question \ theory given by Cowley and 
Moodie* is used to interpret a phenomenon which has 
rece ntly been obse rved in practice (see Fig 1) 

Two strong beams only, the incident and 
diffracted beam, are considered to have amplitudes 
and respectively in the Then 


ome 


cose ll w)sinwll jexplicHE, 
oHG 


“nll 


factor 


(see ret 


stal thickness and 
1} 


t equator 
4 a factor representing t deviation from 1 
angle, the separation bet ween the spher 
of reflexion and the ree:procal lattice point given 


j In the Bethe’ terminology. ~, is called the excita 


tion error 
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and then : 
— (4) 


off, cosoH 


tan! 


Of pnportance mm equation (3) is the cosine term in 
r and the associated phase factor x). 
The cosine term gives rise to the periodic undulations 
of intensity which are made visible when a micro 
densitometer, for example, is made to scan across 
The phase term %. however, can in 
lead to an anomalous effect, 
where the fringes lie at a considerable angle y to the 
true lattice plane direction. In Fig. 1, the fringes at 
{1 make an angle of y ~ 8° with the parallel sides ot 
the ervstal. This effeet can be predicted theoretically, 
with the two-beam theory if values 
are chosen for H and F,, (see ref. 46) and calculations 


fringes. 
circumstances 


several 


representative 


made for specific values of excitation error 
results of such a calculation 
the x the line 
certamly leads to a 3 curve of reduced slope. but the 
yraphs do not mutually cancel. The that the 
final curve has a finite slope implies a continuously 


of « and % 
a Fig. 2 shows the 
The effect of adding curve to 
fact 


changing phase factor as the excitation error increases 
of 47 10% and, in this range, this must 
that the fringes paralle! 
with the crystal sides. 

It is to be concluded that, although fringe spacings 
perfect crystal are the actual 
Se rons of molecular planes®, both the separation 
the fringes at or near a Brage 
extinetion contour treated with reserve 

[ thank Dr. F. P. Bowden for help and encourage 
ment. Drs. J. W. Menter, V. E. Cosslett and M. |. 
Whelan for discussion, and Chemical 
Tne Lid 
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necessarily mean are not 


im a indicative of 


and direction of 
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Imperial 
stries, for crystal specimens 
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Magnetic Energy 

lL wounp like to comment. if rather tardily, on one 
paragraph of Prof. Ferraro’s review! of my book, 
Klectromaqnetism and Relativity?. He savs: ‘Prof 
Cullwick appears to be under a misapprehension about 
the the magnetic energy of a 
eleetrie currents we read that ‘the hypothesis is 
that magnetic energy of a current 
eirenit is) the the kinetic of the 
effective conduction electrons, by virtue of their mean 
velocity along the wire’ The author then derives 
from this hypothesis a linear relation between the 
magnetic vector potential and the mean velocity of 
the hypothesis appears to be rather 
is used in the chapter on = super- 


nature of system of 


the 


as 


introduced 
energy 


the charges 

It 
conductors to derive the familiar equations due to 
F. and H. London. Here the application is legitimate 
and indeed the linear relation mentioned above was 


ATURE 


connexion with the phenomen 
But the relation 


would seem to 


first derived in 
ological theory of superconductors 
vannot be universally true 
carry with it the implication that all conductors are 


since it 


superconductors’ 

From this, it would appear that Prof. 
regards my hypothesis as leading to a macroscopic 
identical with that of 
The hypothesis ts 


Ferraro 


theory of superconductors 
Fo and London. This is not so 
that the magnetic energy of a quasi-steady conduction 
current is 7n fact the kinetic energy of all the conduction 
electrons which happen to be current carriers (that is, 
contributing to the macroscopie magnetic field) at a 
viven instant, the 
including both the 
corresponding to 
of the with other effective 
conduction eleetrons the The efteetive 
mass m will therefore depend on the configuration of 
vefticient of self-inductance 
value across the section 


electronic mass, 
and the mutual 
electrokinetic 


effective 
Intrinsic 
the mutual 
all the 


cireuit 


energy electron 


the circuit, as does the e 
and will not have a constant 
of a finite conductor If A is the component of the 
total vector potential due to the current in the sing 
the hypothesis is. in general 


circuit considered, 


sununed up in the equation 


(1) 


o that in eases in whieh 4 and + are parallel 


A 


(In the edition of my book equation (2) was 
used, incorrectly, in place of equation (1), which will 
he found in the second edition, p. 247.) 

This is part of the London theory of super 
conductors The latter gives, large 
with the depth ot the 
energy 


first 


not 
for conductors 
penetration of 
the kinetic 
density of the supereurrent and the energy density of 
the magnetic field® ; but these energies are regarded 
as separate and additive. For 
in an isolated singly connected superconductor, thu 
London theory 


compared 


supercurrent, equality between 


stationary conditions 


gives : 
my eA (3) 


4 is the total vector potent ial and om the 
the 


where 


mtrinsic not 


eleetronie mass, which is same 
equation (2). 

In order to prevent further misunderstanding it ts, 
| think, relevant to add some general comments. 
The magnetic energy of a current is a physical 


Maxwell's 


sinee 


(a) 
reality, not merely a mathematical fiction. 
general view of it has never been contested : 
we can form no conception of an eleetrie current 
except ax a kinetic phenomenon, its energy must be 
kinetic energy, that is to say, the energy which a 
moving body has in virtue of its motion We 
are therefore led to inquire whether there may not 
be some motion going on in the space outside the 
wire, which is not occupied by the electrie current. 
but in whieh the effects of the 
current are manifested’ 

(h) Maxwell regarded magnetic energy 
energy in the universal medium or wther : 
to our hypothesis, we assume the kinetic energy to 
exist wherever there is force, that is, in 
general, in every part of the field . . . and this energy 
exists in the form of some kind of motion of the 


matter in every portion of space’’*? 


electromagnetic 


as kinetic 
According 


mhagnetic 


ig 
4 
af 
id 
: 
| 
pane 
Labaw, L. W., Proce. Electron 
Hashimoto, H., Naiki, 
Cunt. Electron Microscopy 
1) Cowley. J. M., and Moodie 
hy Cowley, J. M.. Acta Cryat., 12, 
ethe, HW. AL. Amn. 87, 55 (192s 
( iderton, L. T.. Nature, 1896, Regional 
a3 
‘ 
4 
: 


(c) H. A. Lorentz’s modification of Maxwell's 
theory, which when combined with the Lorentz 
transformation is universally accepted to-day, in- 
volves an immobile wther which is therefore incap- 
able, by itself, of possessing kinetic energy. The 
theory retains, however, Maxwell's original assump- 
tion that an electric current per se has no inertia, an 
assumption since proved by experiment to be 
incorrect. 

(d) One may then legitimately ask, of those who 
reject my hypothesis; “What is magnetic energy ?”’. 

(e) Since an electron can be transformed, by 
collision with a positron, into electromagnetic radia- 
tion, it is reasonable to take its mass as being entirely 
electromagnetic, although as yet the only microscopic 
explanation of this is the unsatisfactory one in which 
classical theory is applied to the external field of a 
bilhard-ball model 

(f) In modern theories of conduction the electron 
is treated in an over-simplified way. It is electrically 
charged, it is true, but its magnetic properties are 
largely ignored (an exception is L. Brillouin, Helv. 
Phys. Acta, 7 (Supp.), 47 (1934)). Its kinetie energy is 
somehow regarded as ‘mechanical’. The logical 
deduction from this is that, when free electrons are 
accelerated in a vacuum to high energies, their kinetic 
energy eV is mechanical not magnetic, so that, con- 
trary to all accepted theory, moving charges do not 
cause a magnetic field. 

(g) If two electrons, macroscopically coincident, 
are moving in opposite directions with equal velo- 
cities, they cause no resultant macroscopic magnetic 
field. In a conductor carrying no current it is 
accepted, in modern theories, that the conduction 
electrons have random velocities with a Fermi-level 
of the order of 10* metres per sec. When an electric 
field is applied, almost all the conduction electrons 
continue to have paired velocities so that their 
macroscopic magnetic field is nil, but an extremely 
smnall proportion attain energies which are not 
balanced by electrons moving in the ypposite direc- 
tion. The macroscopic magnetic field must therefore 
be due to this very small proportion of electrons, 
moving with high velocities. 

(k4) The mechanism, possibly quantized, whereby 
an applied elec trie field imparts energy to the con 
duction electrons is unknown, and the hypothesis, 
based on a free electron gas, that everv conduction 
electron has its energy changed by a small amount 
according to classical mechanics may well be entirely 
wrong. I have shown that if the magnetic field is 
due to a very small proportion of the available 
conduction electrons, moving with high velocities, 
their kinetic energy, even if m is taken to be equal 
to m,. is of the the 
magnetic energy in ty pical current circuits. 

(7) In my hypothesis the mass of a conduction 


same order of magnitude as 


electron is not to be considered as being limited to 
the ‘particle’. It is the electron’s share of the mass 
of the total electromagnetic energy, both internal 
and external, of all the current-ecarrving electrons in 


the circuit, and must be regarded as extending 
throughout. the electromagnetie field. It thus 


satisfies Maxwell's ‘general hypothesis quoted in 
(a) above. If the current is steady, this electro- 
magnetic energy is considered to move with the sare 
mean velocity as the electrons. There is no universal 
material medium through which electromagnetic 
energy can move only with the speed of light but 
the then the consequent 


eurrent changes, 


when 
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disturbance of the steady conditions is communicated 
to a distant element of the field with the velocity of 
radiation. 
E. G. CuLtwick 
Queen’s College, 
University of St. Andrews, 
Dundee. 
Nature, 182, 1045 (1958). 

* Longmans, Green and Co. (1957); second ed. (1959), 
* London, F., Superfluids, 1, 66 (Wiley, New York, 1950). 
*(a) Maxwell, J.C., A Treatise on Electricity and Magnetiam, 2, §552 

(third ed., 1892); (6) ibid., §636, 


Pror. Cuttwick has directed attention to an 
incorrect statement, which I regret, in my review of 
the first edition of his book Electromagnetism and 
Relativity. As he says, the fundamental relation 
derived from his hypothesis (equation (1) of his com- 
munication) differs in sign from that usually adopted 
in the theory of superconductors so that Prof. Cull- 


wick’s hypothesis cannot be identified with the 
former—contrary to my statement. 
My error, however in no way invalidates my 


contention that Prof. Cullwick’s hypothesis is mis- 
leading. In the first instance, the relation mv eA 
is itself misleading, since it implies that the mean 
velocity of the conduction electrons is in all cases in 
the direction of the local vector potential. This is 
certainly not true, and in the second edition of his 
book the author has modified this relation in an 
attempt to overcome its shortcomings. Secondly, 
and this was my main contention, the hypothesis is 
misleading since in no sense can the magnetic energy 
be identified with the kinetic energy of the effective 
conduction electrons. In fact, the former is field 
energy propagated with the speed of light, and so 
cannot be identified with mechanical energy of the 
motion of the electrons. In any event, I cannot see 
what useful purpose such an identification would 
serve. In Maxwell's dynamical theory of electric 
currents a useful formalism is developed along the 
lines of Lagrange’s analytical dynamics in which the 
magnetic energy of the electric current is shown to 
be the ‘analogue’ of the kinetic energy in a mechanical 
There is no implication that the two forms 


system. 
(In fact, Maxwell 


of energy are of the same nature 
took care to call the energy of the currents ‘electro 
kinetic’ energy.) Any attempt to make it so appears 
to be a retrograde step, since most of the inertia 
associated with a system of currents is of electro- 
The artificiality of this hypothesis 
becomes, moreover, apparent when one considers 
that the definition of the inertia of the conduction 
electron would depend on the particular distribution 
of currents and on the position of the electron at any 


magnetic origin. 


surely a curious result. 


instant 
A. FERRARY 
Queen Mary College, 

London, E.1. 
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Some Properties of Scandium Metal 
ScANDIUM is one of the metals being used in an 
investigation into the alloying behaviour of plutonium 
with the metals of Group LIT which is being conducted 
at this Establishment. Since there is only limited 
published information on the properties of scandium 
itself, were undertaken on the 


some experiments 
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metal. Recently, Spedding et al.’ have reported some 
work with which the present results are in general 
agreement. 

Thermal analysis, electrical resistance and X-ray 
diffraction techniques were employed for examination 
of the behaviour of the metal between room tempera 
ture and its melting point. The scandium was 
of reasonable purity, the main impurities being 
tantalum .< 0-1 wt. per cent, copper < 200 p.p.m., 
silver 100 p.p.m., iron < 20 p.p.m. and combined 
rare earths < 100 p.p.m. 

For thermal analysis measurements, a platinum 
wound furnace was used and was filled with nitrogen 
at a pressure of 1/3 atm. to prevent volatilization of 
the scandium at high temperatures. A measuring 
platinum/platinum rhodium thermocouple in a closed 
alumina sheath was in contact with approximately 
1 gm. of scandium in a tantalum crucible. During 
initial runs, the metal when molten attacked the 
alumina, and a thin tantalum sheath was therefor+ 
placed over the end of the alumina for subsequent 
runs; at this point, the original scandium was 
replaced by a fresh specimen. 

Thermal analysis arrests were invariably weak ; 
but the observed melting point was cross-checked by 
noting the temperature at which the sheathed 
thermocouple could be pushed into the scandium 
The average value obtained 
5° C. However. 


during the initial run. 
for the melting point was 1,522 
an analytical check (Phillips, G., and Birks, F. T., 
private communication) showed that the 
had picked up an appreciable amount of tantalum, in 
agreement with an observation by Spedding! ; 
nevertheless the value obtained does not = differ 
greatly from that of 1,539 2° C. observed by 
Spedding. A second arrest was observed at 1,37! 

10° C., which may correspond to one observed at 
1,335° C, by the American workers (Spedding, F. H., 
Owing to the high transi 


sample 


private communication). 
tion temperature, it was not possible to determine 
the crystal structure of the high-temperature moditica- 
tion with the available powder camera, but by analogy 
with certain of the rare earth elements it might be 
expected to be body-centred cubic?. 

The initial runs, in which an unprotected alumina 
sheath was used for the thermocouple, gave @ value 
of about 1,490° C. for the melting point. suggesting 
that aluminium lowers the melting point of scandium. 

Electrical resistance measurements were carried 
out on a short length of 0-040 in. diameter wire, which 
had been extruded using a pressure of 10 tons/sq. in. 
at 600°C. Current and potential leads were provided 
by spot welding 0-020 in. diameter platinum wires 
to the sample. The then mounted in a 


wire was 


istivity (micro-olim ecm 
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ig. 2. Variation of scandium lattice parameters with temperature 
vacuum furnace and the resistance recorded contint- 
ously as the temperature was raised; the method 
used has been described elsewhere?. 

During successive cycles measurements were taken 
to steadily higher temperatures ; in the final cycle, 
the electrical contact failed at 1,160° C. On demount- 
ing the specimen it appeared that the failure was due 
to the formation of a low melting-point alloy at the 
contact points, implying that platinum markedly 
reduces the melting point of scandium. The resistance 
measurements at temperatures between 1,050° C. 
and 1,160° C. were variable, probably due to alloying, 
and the results shown in Fig. 1 have therefore been 
eut off at 1,050° C. There is no sign of any phase 
change taking place in the temperature-range 40 
1,050° C., which is in agreement with the thermal 
analysis data. The 25° C. value of the resistivity 
was 72 micro-ohm em., which is much greater than 
that of the common metals but is in reasonable 
accordance with the values for the rare earths, most 
of which lie in the range 55-75 micro-ohm em. at 
C.*. Previous investigators have given a figure 
for the resistivity of sean- 


25 
of 66-6 micro-ohm em 
dium at 25° 

The temperature coefficient of resistivity decreases 
as the temperature is the corresponding 
values being 3-7 «x 10-3 at 100° C., 2:1 10-* at 
500° C., and 1-3 10-? Q/Q —° C. at 900° C. 

An, attempt was made to determine the thermal 
conductivity of the wire using Kannaluik’s method, 
but in practice the contact wires were not sufficiently 
massive to keep the temperature of the ends of the 
specimen down to ambient temperature as required 


raised, 


7 
1-08 
310° 
a 
sth 
ha 
| 
Pig. 


lite! 


made of the 
thermal Weidemann 
Franz the 
Lorenz ratio for scandium is similar to that of the 
arly members of the rare earth series, that is, around 
2-4 10-* e.g.s. units. On this basis, the thermal 

would be 0-027 


. at room temperature 


by Kannaluik An estimate can be 
conductivity by the 


relationship, since it is probable that 


ising 


comdluctivity of scandium eal. em 
deg 

In the N-ray 
high temperature 
examined at temperatures up to 850° © 


erm 


diffraction studies, using a 19-em 


scandium was 
The filings 


tube 


powae r camera, 


had been sealed im a thin-walled silica under 
vacuum but even so at a temperature of 750° ©, the 
lines of scandium oxide appeared on the film. No 
attempt was made to take photographs above S50) © 
because of the limitations of furnace power and the 
rapidly increasing strength of the oxide lines 

hexagonal close-packed 
throughout the temperature range employed. The 
values of the lattice parameters and of the axial ratio 
are shown in Fig. 2: the behaviour is very similar 
to that of many of the rare earths®, the « parameter 
nereasing more rapidly than the @ parameter at low 
high the rate 


if increase of the parameters is comparable so that 


The structure remained 


temperatures, while at temperatures 
the axial ratio becomes approximately constant A 
fitting of the experime ntal 


the 


mast squares ports 


uives the following values for instantaneous 
oefficients of thermal expansion 

1-3-7). 10° 

Thus the values 


and S00) ¢ 


vhere (is the temperature (deg. C.) 
or te maperat ure of ¢ 
7-1. 12-5 and 16-6 x 10-*/deg. C.. for 2 


fiand 17-3 deg. C. for x 


are 
and 13-3. 
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Control of Irradiation Embrittlement in 
Molybdenum 
steel, and other hody centred) cubie metals 
show an increase in ductile-brittle transition tempera 
ture as a result of neutron irradiation In an attempt 
to elucidate the mechanism of this embrittlement for 
KN2 steel, Hull and Mogford' studied the effeet of 
neutron irradiation on the parameters o, and &, in 


the Petch relation : 


where oa, is the vield stress and 2d the grain diameter. 


Thev found that o;, the lattice friction stress, increased, 
which is a measure of the strength of disloca 
remained They interpreted 
the embrittlement was caused by 


but 


Tron locking, constant 
this to mean that 
point defeets or groups of defects which impeded 
the movement of slip dislocations in their glide planes 
This simple phenomenological description of irradia 
tion embrittlement enables changes in ductile brittle 


transition temperature caused by irradiation to be 
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predicted from Cottrell’s brittle fracture criterion? : 
+- ky )k 


once 6; has been measured as a function of integrated 


a Buy (2) 
neutron flux. 

Johnson® has applied a similar method to that of 
Hull and Mogford in studying the irradiation em 
brittlement of molybdenum. His 
that the embrittlement mechanism in molybdenum is 
more complex than for EN2 steel, and in iInferpreting 
his results Johnson suggested that in pure metals 
the point defects created during irradiation 
dislocation climb. It follows that the effect of irradia 
tion on the mechanical properties of a pure metal 
such as molybdenum should depend on the density 
the metal before 


results showed 


cause 


and distribution of dislocations in 
irradiation. 

In an initial attempt 
dependence of irradiation embrittlement on disloca 
density distribution, have 
been performed on molybdenum with two different 
types of dislocation structures The first type of 
material was heavily cold-worked by swaging and 
the second type heavily cold-worked and the lh SLPOESS 
relieved at 1,000° C. for 4 hr. to 
structure. The starting material in 
Murex sintered molybdenum containing nominally 
oxygen, 10 p.p.m. hydrogen, and 5 p.p.m. nitrogen 
Both materials were machined into Hounsfield type 


to observe this expected 


tion experiments 


give a fine sub 


each case was 


earbon, 50 iron, 20 


tensile specimens and four batches of ten specimens 
of each were trradiated in Bepo for 3, 6, 9 and 12 
months respectively at a temperature of 40-505 © 
The mtegrated epithermal neutron 
fluxes were about 1, 2, 3 and 4 10°? novut The 
duetile-brittle transition temperatures of the un 
irradiated materials and of these eight 
batches of irradiated specimens measured using 
a modified Hounsfield tensometer 
strain rate of O-S8 10-* sec.~! 
The Guetile-brittle transition temperature of each 
batch the highest temperature at 
which no appreciable plastic deformation occurred 
fracture. this transition 
temperature for both types of materials was 120 
10° ©. both before and after irradiation. Moreover. 
irradiation did not influence the shape of the load 
The transition 


corresponding 


each of 
were 


operating at oa 


was taken to be 


before eriterion the 


elongation curve at any temperature. 
temperature of reerystallized specimens of the same 
batch of molybdenum was 60 woe 

These results indicate that at least 
of control of the irradiation embrittlement of body 
centred cubie transition metals can be achieved by 


SOME Measure 


using materials with controlled dislocation structures 
\ fuller account and discussion of these results is to 
be published elsewhere 
This work was initiated under a U.S. Navy Depart 
ment Contract and in its later stages was financed 
by the U.K. Atomie Energy Authority and Central 
Electricity Generating Board It earried 
under the general direction of Prof. J. G. Ball 
ID. N. SETHNA 
A. A. JOHNSON 
K. J. Proup 
S. S. SHEININ 
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Evidence of Phase Changes in Zirconia 
from Thermal Etching 


ZIRCONIA is known to exist in: wo erystallo 
The 


monoclinie!, but this 


graphic forms stable form at room temperatures 
tetragonal 


transforms to a 
and 
1.250° C. (ref 2), depending on the purity of the oxic 


at some temperature Lhetween 


Cohn’ has claimed a third form, hexagonal, obtained 
by heating for prolonged periods above 1.9005 C. in a 


solar furnace. Up to the present, this has not been 


contirmed, but we believe we obtained 
of three 
We have 


and testing of a 
which 


have 


evidence formos of zirconia 


recently completed the design. constr 


tion earbon are furnace 


inpublished work), used to <tigate 


the 


from two hatches of powae r: ome 


Was 


nelting of zireonia Specimen wert prepared 


(prepared from 
Travancore beach depo Its), With a rang 


size of 30-5004, was claimed to be of very high purity 


re oft particle 
except for wt hafnium oxide: the 
other Elektron, Ltd.), 
with a range of particle-size of approximately 2. 10y 
was analysed by the suppliers as containing, in term 
of p.p.m. of 30 hafnium, <— 20 
iron, 


per cent of 


(presented by Magnesium 


content 
chromium, 460 
$2 nickel and 
powders were compressed, without any 


zirconium 
silic On, 
The 


lubricants 


manganese, 40 

30 vanadium, 115 alummium 
or binders, into thin disks under a pressure of approx! 
mately 40 tons’sq. in., and melted in air in the are 
Melting took 
after which the specimens 
eool When the melted 
under the microscope, 
boundaries and 
striations the direction of which changed from one 
another These phenomena 


approximately 
were allowed to 


image furnace. 


min., 
examined 


surfaces were 


grooves were seen at grain 


some areas also showed surface 


grain to constitute 
thermal etebing. 

The conditions for and possible mechanisms of the 
formation of boundary grooves and surface striations 
have been discussed by Chalmers efal.*. It is concluded 
that a reduetion in free energy of a strain-free lattice 
takes place by the grain 
boundary free energies. 


reduction of surface and 


For ionie erystals, it has been 
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shown by Lennard Jones and Taylor® that the surtace 
free energy depends upon the crystallographic orienta 
tion of the surface. kexperimental evidence of this 
was obtained when single-crystal spheres of rock salt’ 
and of alumina heated : 
developed and the spheres changed eventually to 
polvhedre 


wer crystal faces were 


Thermal etching, particularly of the grain-boundary 
the 
used to determine the at 
This | 


around the 


yrooves as opposed to surface striations, hi 


heen tenitie gram size of 


ron and steels* 
formed 


persist after ¢ 


heeause the groovy: 
grains of the h 
phi 


form Jas occurred, so that 


oh 
chi to the low tem 


two sets ot 
The 


without, 


perature vrai 


boundary grooves are finally observed boundary 


n-vrowth 
then forte. 


Although a number of investigations of the therm 


move gre 
general, leaving traces of positions. 


etching of metals have been reported, Litth 
the 

veneral® The 
obtained with zirconia suggest that the method miay 
be of as a rapid means of determining 


whether phase changes have occurred at high tem 


atten 


tion appears to have been given to thermal 


etching of tonic erystals in results 


pe neral us 


peratures when the high temperature phase cannot 
be retained by fast cooling. The accompanying 
photographs show part of the melted surface of 
zirconium Withhigh hafnium oxide content (Fig. b) and 
with low hafnitan content (Fig. 2) 
Fig 
pentayonal region near the centre 
narrower 


examination of 


I shows faint broad vrooves delineating a small 
A second set oft 
the centre of this 
and in turn cross a third set of broad grooves which 
appear to be distinct from the first set 
striations are also visible 
a large, roughly 


yrooves meet in revion 
Some surtacs 
In Fig. 2 grooves outline 
equi-anxial, region in the centre 
Within this region two sets of apperently distinet 
grooves meet, and a third groove, apparently distinet 
trom both sets, crosses them. 
three 


It is suggested that thes« 
indicate that zirconia 
through three crystallographic forms in cooling fron 
its melting pomt to 


sets of yvrooves 


room) temperature. However 
the possibility cannot be dismissed that some of the 
yrain boundary grooves may be growth sears rathe: 
than ‘phase scars’. But. the total heating and cooling 
thne was relatively short probably less than 5 min 
for the evele 1,000) C. to melting 
2.700 €.) to 1000) ¢ 
whereas in the only instance where 
Chalmers e¢ al. reported finding 
thermall, 
etched silver specimen) the time 
et high temperature wes 15 hr 
By virtue of Claim and 
feasible 
evidence 


(~ 


a growth scar (on a 


Cohn’s 


appears to be e 
the 
the 
temperatures 
further 


signifi 


what 
Interpretation of 
here, 
high 
worthy of 


presented behaviouw 
ot zirconia at 
would 
attention It is, 
that both 
selves have used an image furnace 


perhap 
cam Cohn and our 
in their preparation of the mater 
ial This method of heating! 
avoids contamination from furnace 
otherwise 


Work 


materials which may 


oceur at high reatures 
on . topic is procecding 
thank Prof. Frank 

the facilities he 


Morton 


has 


ae 
al 
Le. 
ag 
4 
CONS 
Fix. | High-haftnia zireonta Fig. 2 Low-hafnia zireonia 00 
ea 


570 NATURE February 18, 1961 vo. 


available. our colleagues H. Holness"! and R. W 
Adams for the sample of Travancore zircoma and aihal 7 
the determination of its hafnium oxide content, and | . 
Dr. S. J. Fletcher, of Magnesium Elektron, Ltd., for 
the sample of low-hafnia zircoma. One of us (G. W. 

is indebted to the Department of Scientific and 

Industrial Research for a maintenance grant. : 


P. E. Evans 
G. WILDSMITH 
Department of Chemical Engineering, 
Fuel Technology and Metallurgy, 
Manchester College of Science Eyad 
and Technology. 
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Chalmers, King, R., and Shuttleworth, R., Proce. Roy. See., A 
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€ (1025) ‘ 
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Lvans, imer. Ceram. Soc. (in the press) It has been our experience that performances 


Holness, H., and Kerr, R. W., Analyst, 74 (582), 505 (194%). 
obtained with column packings having alumina as 


support are superior to those obtained with columns 
CHEMISTRY having an inactive support. The HETP values 
(height of equivalent theoretical plates) in Table |! 
Gas Chromatographic Separation of were obtained for packings of alumina liquid pha- 
Low-boiling Hydrocarbons using Active 
Alumina as Support for the Liquid Phase é 


Systematic research into the behaviour of 
aluminium oxide as a support in gas chromato 
graphic columns has, to our knowledge, been carried 
out by Hrapia' and Scott*. Hrapia was concerned 
principally with retention volumes and column 
performance and Scott with the deactivation of | 
alumina with water. i} 


We have found, at column temperatures between 


squalane, triethylene glycol and 6% oxvadipropio 
nitrile are suitable impregnating agents for alumina 
supports. The liquid phase is added to the support . 


0 and 70°C., that non-volatile liquids such a 7 | 


(y-Al(OH), containing 0-22 per cent by weight , A i} 

Na,Q, grain size 0-1-0-15 mm., for 9 hi | 4 | 

at 400° C.) in dilution with a suitable volatile solvent i| {| A ; i 

for squalane, petroleum ether, 40-70°C. ; for pola: | i} 
liquids, methylene chloride) which is evaporated oft | {| | 

prior to drying. During this final drying operation | 

(5 hr. at 70° ¢ alumina samples treated with polar | || | 
liquids undergo losses of weight proportional to the || i| 
quantity of liquid phase added ; we can only explain | | 

these losses by assuming a release of chemical], } \ | | | 
bound water from the surface of the alumina, suggest . \ | \ | im i} | | iy 
ing the formation of surface compounds with the VLJUYL, 
support. Aluminas impregnated with squalane show 


ral 
Time (min.) 
Liquid phase tt HETP (mm Fig. 2. Separation of C,—C, hydrocarbons, (1) Air-methane ; 
quid phi ’ 2) ethane; (3) ethene; (4) propane; (5) propene; (6) tso- 


alumina liquid 


butane; (7) "-butane ; (8) butene-1; (9) éso-butene ; (10) trans- 


eT ent weight lar i pre itr butene-2 ; (11) cis-butene-2 
sample size: 0-05 ml. (syringe). Column packing: 18 per cent 
O-b -he 0-6 by weight (= 20°95 gm. per 100 gm. Al,O;) of £8’-oxydipropio 
1 0-5} nitrile on 100-150 mesh Al,O,, calcined for 9 hr. at 400° 
15 0-64 Column dime nsions Copper tube, length 2 metres, inner 
M- 25 Column performance teo low for the sep diameter 4 mm. Column temperature oe. Carrier gas: 


Hydrogen, inlet-outlet pressure ratio 2-66, inlet pressure 24°3 Ib. 
1. in. gauge, outlet flow-rate 70 ml./min Therinal conductivity 
cell: heating current, 400 m.amp. : cell temperature, 0° C, 


stion of low-boiling hydrocarbons 


~ 
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using n-butane as sample and hydrogen as carrier 
gas (outlet flow-rate 50-70 ml./min.). 

Observations of the changes in retention volumes 
with change in the amount of liquid phase added 
show that retention volumes decrease continuously 
with increasing amounts of liquid phase (compared 
with Hrapia'). 

Observations of the changes in polarity 
change in the amount of liquid phase added are given 
in Fig. | in terms of the ratios of the retention 
volumes for propene and propane. With squalane 
the polarity of the alumina — liquid phase system 
decreases steadily with increasing amounts of liquid, 
whereas for polar liquids the polarity passes through 
This latter observation indicates that 
to a certain extent the polarities of carrier and 
npregnating material compensate each other. The 
increase in polarity observed when adding polar 
liquids in amounts beyond those required for com- 
pensation is to be attributed mainly to the polarity 
Mixed phases consisting of 
23’-oxydipropionitrile show 


with 


a minimum. 


of the surplus liquid. 
triethylene glycol and 
polarities corresponding to the weight proportions of 
the individual compounds in the finished mixture. 

The optimum conditions for gas chromatographic 
analysis, namely, short duration, column of low 
HETP, and polarity adequate for complete separa- 
tion of sample components, are attained when all 
these considerations are taken into account. If the 
separation of air from methane is not required, the 
results tabulated with Fig. 2 are reeommended for 
the analysis of C, to C, hydrocarbons (possibly 
including C,). Under the same conditions, mixtures 
containing hydrocarbons up to C, have been separated 
with The reproducibility of the measure- 
ments is satisfactory. Further results and details 
will be published elsewhere. 

Thanks are due to Dr. P. Vogt, ¢/o Gebrider 
Giulini, GmbH, Ludwigshafen/Rhein (Germany), for 
providing the alumina supplies. 


SUCCESS, 


I. HarAsz 
EK. E. WEGNER 
Institut fir Physikalische Chemie 
der Universitit, 
Frankfurt/Main, 
tobert-Mayer-Str. 11, Germany. 


* Hrapia. H., Gas-Chromatographie 1958, 93 (Akademie-Verlag, Berlin, 
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* Seott, C. G., J. Inst, Pet., 45, 118 (1959). 


Gas Chromatographic Analysis of 
Permanent Gases using Standard 
lonization Detector Equipment 


ALTHOUGH the most common _ high-sensitivity 
detectors now in use for gas chromatography consist 
of either the flame! or the argon ionization device?, 
such instruments cannot be used for the analysis of 
permanent gases when operated in the prescribed 
fashion. Thus in the argon chamber, the relatively 
low excitation potential of 11-6 eV. for metastable 
argon insufficient to ionize permanent 
gases which, unlike most organic compounds, have 
ionization potentials above this level. When we 
wished to employ gas chromatography for the analysis 
of gases extracted from the blood of man, it was 
decided to adapt existing equipment with as little 
alteration as possible. This was done by substituting 
ordinary commercial helium for argon as the carrier 
gas. The ionization chamber was a standard 1 em. 


atoms is 
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Table 1. DETECTION OF PERMANENT GASES USING A STANDARD 
IONIZATION DETECTOR AND HELIUM AS A CARRIER GAS 


Maximum 
linear range 
mole/sec, 


Minimum sensitivity 
Gas sec. gin. /sex mole/sec. 


Oxvgen O15 6 
Nitrogen O35 

Hivdrogen | O40 

Nitric oxide | 025 

Carbon monoxide ww | 

Carbon dioxide | 40 | 

Methane | 10 

Ethylene | O35 


| 


em. microdetector which contained 100-me 
tritium source, 

Optimum operating conditions were obtained by 
selecting an applied potential which produced a 
standing current of 1 10° amp. at 
perature ; usually 500 V. was sufficient. Contamina 


tion of the helium earrier stream by samples of por 


room tem 


manent gases resulted in a decrease in standing cur- 
rent. The extent of this effect was taken as a measure 
of the quantity of gas Although 
higher base currents gave an increase in sensitivity 
with a particular cell geometry, there was concomitant 
increase in the noise-level. Table | shows the mini- 
mum amount of the various gases which were detected 
under the conditions of the experiment. The detector 
was operated at 500 V. and the standing current 
0-88 10° amp. at 27°C. The noise-level 
was 5 10°"? amp 

The range of linearity for each gas is also listed in 
Table 1. By plotting a typical calibration curve as 
depicted for oxygen in Fig. 1, quantitative results 
can be extended beyond the linear range by at least 
a factor of five. Due to the mechanics of the detection 
system, the plot of decrease of current versus quantity 
of permanent gas passing through the detector tends 
to give a plateau at a minimum current-level. 
Although this range may differ somewhat for different 
and of different design, the initial] 
slope describing linear range is similar in all instances. 

Jt should be noted that the ionization phenomena 
in Operation in this application are different from 
those which would be expected if helium of extreme 
purity was used as the carrier gas*. Since increments 
in current were not noted, it was presumed that a 
reaction that would involve the contaminant gases 
and metastable helium atoms did not occur. At an 
applied potential of 500 V. to the detector, it is 
probable that the decreases in current which were 


being analysed. 


was 


gases detectors 


crease In current (per cent) 


Mole/sec, x lu-* 


Fig. Calibration curve for oxygen 
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observed were due to quenching of secondary elec- 
trons by molecules of the gas sample. The mode of 
operation of the detector also differs from that de- 
scribed by Willis‘, where the number of metastable 
argon atoms in the field were decreased by contamin- 
ating the argon carrier gas with ethylene. An electron 
mobility technique® in which a simple pulse generator 
is employed should offer considerable promise where 
additional sensitivity is required for the analysis of 
permanent However, the sensitivity of the 
present method prov ides a very convenient compro 
mise between this and conventional techniques where 


aser. 


thermal conductivity detectors are used. 
This investigation was supported by grants from 
the National Heart Institute of the National Institutes 


of Health, the National Dairy Council and the 
Nutrition Foundation. 
R. A. LANDOWNE 
S. R. Lopsky 


Department of Internal Medicine, 
Yale University School of Medicine, 
New Haven, 
Connecticut 


' MeWilliam, I. G., and Dewar, R. A., in Gas Chromatography, edit. 
by Desty, D. H. (Academic Press, New York. 1958), 
Lovelock, J. E.. J. Chromat., 1, 35 (1958) Vature, 182, 1663 (195s). 
Lipsky, 8. R., Landowne, R. A., and Lovelock, J. E., Anal. Chem 
$1, S52 (1950) 
* Willis, V Nature, 184, 804 (1959) 


Lovelock, J. E., Nature, 187, 49 (1060) 


x-Configuration of Fibrous Proteins 
Ir is now generally accepted that the polypeptide 
cha'n configuration in the group 
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tern that we have obtained from certain members 
of the k-m-e-f group. In Fig. 1 the optical transform 
of the 3-strand rope (a) is compared with the patterns 
obtained from a-keratin (b) and dried muscle (ce). 
We have therefore explored the alternative possibility 
that in these proteins the x-helices, instead of being 
uniformly distorted, are composed of short straight 
segments with any distortion required for efficient 
packing being concentrated at a particular residue or 
residues and resulting in small but abrupt changes 
in the direction of the helix axis at these 
From the arguments put forward by Crick concerning 
the packing of helical polypeptide chains, groups of 
2, 3 or more chains having the form envisaged above 
might be expected to form segmented ropes of similar 
average pitch to the uniformly distorted 3-strand 
rope. 

The diffraction pattern of a segmented rope cannot 
be investigated without specifying the sequence of 
segment lengths and inclinations, but the general 
character of the transform is shown in Fig. Id, which 
was obtained by an intensity addition of the diffrac- 


February 18, 1961 


VOL. 189 


points. 


tion from a number of segments 27 A. in length 
inclined at a range of angles between © and 20° to 
the fibre axis. The maximum segment length is 


determined by the gradual divergence of the inclined 
helix axes and the accompanying departure from the 
idealized ‘knob/hole’ packing arrangement envisaged 


by Crick. A study of atomic models indicates that 
this length is probably in the region of 20-30 A. 
The intensification of the eighth order meridional 
reflexion (Bragg spacing 24-6 A.) that we have 


observed in the X-ray diagram of «-keratins after 
treatment with many heavy atom stains, for example, 


of fibrous proteins designated 
the characteristic « X-ray dia « 
gram, is closely related to the ty 
x-helix deseribed by Pawing, Corey } 
and Branson®. In its simplest < 
form, however, the «-helix does 4 
ous appearance of the 5-2) and 
1-5 A. meridional ares which = 
are the diagnostic feature of 
the k-m-e-f group. Pauling and 
Corey® and Crick* suggested in r 
dependent ly that these ares might J 
result from a systematic distor OS 
tion of the a-helix in which the i bs ae 
helix axis itself followed a 
helical path of larze pitch 
Detailed calculations by Crick® — 
and Lang* showed that a group = — 
of three such helices twisted } 
about a common axis to form [ | 
a rope gives a satisfactory agree 0. Se + 


ment with the observed diffrac- 
tion pattern in the 1:5 and 
50 regions of the meridian | 
We have recently investigated 
the diffraction pattern of the 
$-strand rope in somewhat mor 
detail using an optical diffracto 
meter. While confirming the de Fig. 1. a, The optical transform of the repeating unit of the three-strand rope deseribed 
‘ by ( c (ref. o The major helix is left-handed, the minor helix is right-handed and 
ductions of Crick and Lang. we . carbon atom is included in the L-configuration about the a-carl = Hs b. The 
find that the remainder of the spacings and approximate relative intensities in the observed X-ray diffraction pattern 
‘i — zi from p ipine quill tip Very weak reflexions are enclosed by a dotted line, weak 
meridional diffraction does not reflexions by a full line, medium reflexions are shaded and strot ns shown solid 
aeree particularly well with the The observed X-ray diffraction pattern from dried toad sartorius musch t, The 
—_ simulated optical transform from a segmented cable. The co-ordinate of the 
very wide-angle diffraction pat- arc is 0-19 A.-" and that of the ‘1-5 A.” arc is 0-67 A 


ree 
Py 
nee 
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silver, mercury, copper and lead. may be asso lated 
with this length 
R. D. B. FRASER 


T. P. MacRAE 


Division of Protein Chemistry. 
Commonwealth Scientific and Industrial 
Organization Wool Research Laboratories, 
343 Royal Parade, 
Parkville, N.2. 
Victoria, Australia. 


Leese 


Proc. Roy. Soe., B, 141, 1 
and Branson, H. R., P’roe. 


Astbury, W. T., 
Pauling, L., Corey, R. B., 
Sei., 37, 205 (1951) 
Pauling, L., and Corey, R. B 
‘Crick, F. H. C., Nature, 170 
Crick, F. H. C., Acta Cryst., 6, 685, 689 (1953) 

Lang, A icta Cryst., 9, 436 (1956). 


1453) 


171, 59 


S82 (1952). 


Nature 


BIOCHEMISTRY 


Nature of Thyroxine-binding Globulin 
in Human Serum 


Tue term thyroxine-binding globulin is often used 
to denote a serum protein fraction with a mobility 
intermediate between those of «,- and x,-globulins m 
paper or moving-boundary electrophoresis in veronal 
buffer, pH 8-6, strength 0-05 0-10 (ref. 1) 
However, with the introduction of supporting media 
such as agar and starch gels and the use of different 
buffers, ionic strength or pH for paper electro- 
phoresis, binding of thvroid hormones has also been 
detected in the ‘prealbumin’ zone*®. Although the 
proteins of the “prealbumin’ zone obtained under 
different conditions are not likely to be identical, 
a strong thyroxine-binding property was deteeted in 
human serum prealbumin rich in tryptophan*, as 
obtained from Prof. Schultze*. From chemical and 
immunological observations I concluded that the 
tryptophan-rich prealbumin, present as a complex in 
the x-globulin fraction, might be responsible for 
much of thyroxine-binding in human serum®.  Sinee 
then, an a-globulin-type of thyroxine-binding protem 
has been obtained in this laboratory (unpublished 
results) ; the nature of this protem does not support 
the hypothesis that the tryptophan-rich prealbumin 
is involved in binding thyroxme. 
explanation for this discrepancy is that Schultze’s 
prealbumin preparation contamed traces per 
cent) of thyroxine-binding globulin which were 
responsible for the production of antibodies to it 
present in antisera against this prealbumin. In fact, 
multiple precipitation lines were observed in immuno 
logical studies using rabbit anti-human prealbumin 
serum’. The experiments to be described support 
this explanation and throw further light on the nature 
of the thyroxine-binding globulin in human serum. 

A protein with strong thyroxine-binding properties 
was isolated (or prepared as an enriched fraction) from 
whole human serum, human cerebrospinal fluid and 
Cohn fractions 1V-4 and IV-9 by a method which 
will be described elsewhere. The same major com- 
ponent was obtained from all the starting materials 
and will be referred to as thyroxine-binding globulin. 
A 1 per cent solution of this thyroxine-binding protem 
in 0-15 M sodium chloride was generally used for 
immunological studies. In Fig. | is shown a typical 
result observed when preparations of thyroxine-bind- 
ing globulin were compared with tryptophan-rich 
prealbumin using rabbit anti prealbumin serum (also 


ionic 


One possible 
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using Ouehterlony’s double 
diffusion technique in agar gel n rabbit antiserum against 
human serum tryptophan-rich prealbumin (ref. 4) (central well) 
and (1) tryptophan-rich prealburmin thvroxine-binding glob 
ulin prepared trot unfractionated human serum 3) Cobr 
fraction 1V-9, (4) and (5) two different preparations of thyroxine- 
binding globulin made from Cohn traction LV-9 and (6) thyroxine 
binding globulin prepared from human cere brospinal fluid, , 


Fig. 1. 


Immunological interaction 
betwee 


Schultze) Ouehterlony s 
Two major precipitation 


obtained from Prof. using 
double diffusion technique’. 
lines were seen for the tryptophan-rich prealbumin 
and Cohn fraction IV-9 A third line also 
observed. if human serum was tested (not shown in 
Fig. 1). 
in preparations of thyroxine binding globulin, irrespec 
tive of the source. This precipitation line was con- 
tinuous for the different preparations and with one 
of the lines obtained with tryptophan-rich prealbumin 
Cohn fraction 1V-9, and whole Cohn 
fraction TV-4 and cerebrospinal fluid, which were 
This indicated that the thyroxine 


was 


Only one line could, however, be detected 


with serum, 
tested separately. 
binding globulin is an antigen common to all the 
preparations tested. 

Immuno-diffusion studies by the method of Allison 
and Humphrey’ helped in deciding whether the 
tryptophan rich prealbumin itself was not the common 
antigenic component. In this method the 
and antibody troughs are placed at right angles, as 
and the angle 6 formed between the 


antigen 


shown in Fig. 2, 
precipitation line and the antigen trough is measured 
The diffusion coefficients and the 
relative weights of the antigens were 
estimated equation, tan 6 (D,/Do}'", 
where D, diffusion coefficients of the 
antigen and respectively. major 
precipitation lines with the 
prealbumin (Fig. 2a), and ghts of 
the two antigens were estimated to be about 606-65,000 
for component 1 and 40 45.000 for component 2. 
Component 1 therefore corresponds to tryptophan 
rich prealbumin itself, which has a molecular weight 
of 61,000 (ref. 4). With a preparation of thvroxine 
binding globulin (Fig. 26), only one line was observed, 
corresponding to an antigen of molecular weight of 
40-45.000. This is the common antigen present in 
all the samples shown in Fig. 1 ; its lower molecular 
weight is compatible with the precipitation occurring 
nearest to the antibody trough in Fig. 1. It is 
therefore concluded that Schultze’s tryptophan-rich 
alone involved (either free or 


consequent ly 
moleeular 
from the 
and are 
antibody Two 


were again observed 


the molecular we 


prealbumin 1s not 


3 
= | 
= 
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Fig. 2. Immunological reaction obtained using the technique 
of placing antigen and antibody troughs at right-angles, thus 
permitting an estimation of diffusion coefficients of antigens (ref 
7). The antibody trough contained rabbit antiserum against 
human serum tryptophan-rich prealbumin (a) The antigen 
trough contained a 1-5 per cent solution of tryptophan-rich pre 
albumin. (6) The antigen was thyroxine-binding globulin 
obtained from Cohn fraction 1V-9 


complexed) in the transport of thyroid hormones in 
human blood, contrary to a previous suggestion’. 
but that a distinct thyroxine-binding protein of a 
smaller size is responsible. The above immunological 
work also shows that the samples of tryptophan-rich 
prealbumin studied in this laboratory contained 
traces of thyroxine-binding globulin, estimated to be 
about 1-3 per cent of the protein from its unusually 
low binding capacity in the prealbumin samples. 
Physical and chemical measurements made on 
preparations of thyroxine-binding protein have all 
confirmed the above conclusions. Zone electrophore 
sis on paper, cellulose acetate, agar gel and starch gel 
in various buffers, immunoelectrophoresis, sedimenta 
tion in the ultracentrifuge and measurement of 
tryptophan and sugar content reveal the differences 
between thyroxine-binding globulin and tryptophan 
rich prealbumin. On the other hand, thyroxine 
binding globulin resembles the a,-glycoproteins of 
small moleeular weight of Schultze and Schmid 
and their collaborators*, although it may not be the 
same as the protein described by these workers. Some 
of the similarities and differences between thyroxine- 
binding globulin and other serum proteins, which will 
be described elsewhere, are summarized in Table 1. 


Table 1. COMPARISON OF SOME PROPERTIES OF THYROXINE-BINDING 
GLOBULIN WITH THOSE OF SOME ISOLATED HUMAN SERUM PROTEINS 


Electrophoretic | Sedimentation 


mobility constant 
em? V (Seo.w) 


Chemical | 


Samp) ( inalysis 


TRG (anfrac 
tionated 
serum) 

TG (isolated) High sugar, 
low lipid, low 
tryptophan 

a-Glycoprotein 

(ref. 8) 
Prealbumin 
(ref. 4) 


High sugar 
High trypto- 
phan 


It is important to note that the sedimentation 
constant and electrophoretic mobilities of isolated 
thyroxine-binding globulin compare well with the 
values derived by Robbins. Petermann and Rall® for 
the major unfractionated human 
serum to which thyroid hormones are bound. The 
evidence presented here does not attempt to explain 
the diversity of thyroxine-binding protein zones 
when various conditions of electrophoresis of human 
serum are used?. It is concluded from these observa 
tions that the principal thyroxine-binding protein 


component im 
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in human serum is an x,-glycoprotein of small mole 
cular weight ; this necessitates a revision of the earlier 
suggestion that the tryptophan-rich prealbumin 
was alone involved in the transport of thyroid hor 
mones in human blood’. 

I thank Dr. R. B. Pennell for Cohn fractions of 
human plasma; Prof. H. E. Schultze for human serum 
prealbumin rich in tryptophan, and immune rabbit 
serum ; Dr. Marshall for human cerebrospinal fluid ; 
Dr. K. Schmid for «,-acid glycoprotein; Dr. P. 
Charlwood for ultra-centrifugal analysis and, finally, 
Drs. W. Gratzer and D. Tee for invaluable help and 
advice in zone electrophoresis, immunoelect rophoresis 
and tryptophan determinations. 
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Influence of the Charge on a Serum 

Protein Molecule and its Ability to 

stimulate or inhibit the Phagocytosis 
of Bacteria by Leucocytes 


THE present work was undertaken to investigate 
the effect of various human serum proteins upon the 
phagocytosis of Staphylococci by human leucocytes, 
and in particular to show the effect of modifying the 
net charge on the serum protein molecule upon the 
ability of the protein to stimulate or inhibit phago 
evtosis. 

A modification of the slide-cell technique of Wright! 
has been used to assess the phagocytic ability of 
human leucocytes towards bacteria. 

Human defibrinated blood from healthy Group O 
donors has been used. Part of any given sample of 
blood was used in its defibrinated condition without 
further treatment, but a part was centrifuged at high 
speed, and samples of serum and packed erythrocytes 
pipetted off under aseptic conditions and then 
re-mixed to give leucoevte-free blood of the same 
hematocrit as the original. The total leucocyte 
count of this latter sample was less than 3 per cent 
of the original count. 

The slide-cells were constructed from two micro- 
scope slides separated by five strips of waxed paper, 
prepared under sterile conditions, in such a way that 
four shallow compartments were produced as shown 
in Fig. 1. 

0-1 ml. of a 1 in 200,000 normal saline dilution of 


a peptone—water culture of Staphylococcus 


(Welleome Collection. No. CN 3638) was mixed with 
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0-Liml. of an isotonic solution in saline of the protem 
to be tested, plus 0-8 ml. of the blood or leucocyte-free 
blood. The compartments of the slide cell were filled 
as indicated and sealed around with melted paraftin 
wax, incubated at 37° C. for 15-20 hr., and then 
the niimber of bacterial colonies seen in ten low- 
power microscope fields noted for each compartment. 

Human serum from healthy Group O donors was 
used for the preparation of the serum protein fract ions. 
The serum was brought to 55 per cent saturation at 
4° ©. with ammonium sulphate \Analar_ grade), 
centrifuged at this temperature, and the precipitate 
re-dissolved in half the original volume of distilled 
water. Both this solution and the supernatant from 
the ammonium sulphate fractionation were then 
exhaustively dialysed against distilled water and after 
wards lyophilized for storage. 

The two serum protein fractions obtained were then 
used to prepare samples of both the acetylated and the 
methyl esterified derivatives, using the methods of 
Fraenkel-Conrat?. The methyl esterification was 
performed by treating a methanol solution, so far as 
it was soluble, of the protein at 15° C, with a small 
quantity of concentrated hydrochloric acid. Having 
kept the reaction mixture in the deep freeze for 48 
hr., it was exhaustively dialysed against distilled 
water and lyophilized. 

Electrophoretic separation of the proteins was done 
in duplicate on Whatman 3.7. paper in barbitone 
buffer pH 8-6, ionic strength 0-05. After 18 hr. 
separation at 7 V./em., one strip from each pair was 
dried and stained with bromophenol blue. The eleetro- 
pherograms were scanned in a slightly modified EEL 
seanner. The unstained strips were then eluted in 
order to measure ability of the protein fractions to 
stimulate or inhibit phagocytosis. The areas eluted 
are represented by the shaded areas in the electro- 
pherograms in Fig. 2. The eluant used was the same 
buffer as was used for the electrophoresis, and the 
eluted proteins were dialysed free of barbitone through 
‘Cellophane’ tubing against normal saline containing 
0-001 1M phosphate buffer pH 7-2. The proteins 
were then concentrated by ultrafiltration through 
‘Cellophane’ tubing to a final concentration of 5 per 
cent w/v, filtered free of bacteria, and used in the 
test of phagocytosis. 

From Fig. 1 it is seen that the difference between 
the number of bacterial colonies which appear in a 
compartment containing leucocytes and in one which 
is devoid of leucocytes represents the antibacterial 
capacity of the leucoeyvtes under the conditions in 
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Electropherograms of proteins, 0 being the point of 
application 


question. For simplicity this will be referred to as the 
phagocytic ability. 

Fig. 2 and Table | summarize the results obtained. 
In contirmation of the work of Tullis’, the albumin 
fraction of the serum inhibits phagocytosis, and there 
is significant stimulation with the globulins. 
Acetylation of a serum protein increases the negative 
charge on the molecule and either increases the 
inhibitory properties of albumins or decreases the 
stimulatory property of globulins. On the other 
hand, the esterification has been shown by electro 
phoresis to decrease the net negative charge on the 
serum protein molecule and increase the stimulatory 
effects of the globulins ; but for some unexplained 
reason has had little effect on the properties of 
albumins in phagocytosis. 


PHAGOCYTIC INDICES IN A FINAL CONCENTRATION OF THE 
ADDED PROTEIN OF 1 PER CENT W/V 


Table 1. 


Phagocytic index 
Substance 


Mean Standard error 


Normal saline control 
Serum albumins 
Serum globulins 
Acylated albumins 
Acvlated globulins 
Esteritied albumins 
Esteritied globulins 


It would seem from these results that, for a given 
protein, the more negative its charge the more 
inhibitory it is towards phagocytosis, and conversely, 
the the negative charge the more it will 
stimulate phagocytosis. In the case of the globulins, 
there seems to be the potentiality for either stimula- 
tion or inhibition of phagocytosis ; yet the albumins 
seem to be capable only of inhibition. Clearly, there- 
fore, there are other properties of a protein molecule 
charge which determine its effeet on 
phagocytosis. 

[ wish to thank Prof. G. A. H. Buttle for 
introducing me to the methods for measuring phago 
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Synthesis of Biologically Active Cellulose 
Derivatives of Enymes 


MopIFIEeD celluloses have been combined chemically 
with a variety of enzymes, with retention of enzymatic 
activity but with interesting and useful modifications 
of some properties. Derivatives have been prepared 
with carboxymethyleellulose and diazobenzyleellu- 
lose. 

All derivatives are covalently linked and are stable 
to water, salt solution, acid, and buffer, and all can 
be dried by lyophilization without loss in activity 
diazobenzvlieellulose are imsoluble, 
from 


Derivatives of 
whereas those of carboxymethyleellulose vary 
insoluble to water soluble, depending upon the charac 
teristics of the carboxymethyleellulose Soluble 
derivatives possess activity comparable with or 
greater than that of the free enzyme, but the insoluble 
derivatives are considerably less active. 

Coupling with carboxymethyleellulose was effected 
by a modification of the azide method of Michael and 
Evers'. The entire process was carried out at 0° in a 
centrifuge bottle. Carboxymethyleellulose azide was 
prepared by suspending 1 gm. of its hydrazide in 
150 ml. of 2 per cent hydrochloric acid solution and 
slowly stirring in 9 ml. of 3 per cent sodium nitrate 
solution. After 20 min., insoluble carboxymethy! 
cellulose azide was separated by centrifugation and 
150 ml. of dioxane and then with dis- 
Soluble carboxyvmethyl- 


washed with 
tilled water to neutrality 
cellulose azide, in the supernatant liquid, was pre- 
cipitated by adding methanol to a final volume of 
62 per cent, separated, and then washed several times 
with phosphoric acid solution at pH 2 before a final 
wash with distilled water The carboxymethyl- 
cellulose azides were then separately stirred with 
250 450 mgm. enzyme in 100 ml. of 0-05 M phosphate 
buffer at pH 8-7 for 2 hr. The insoluble derivative 
was then adjusted to pH 4 with 0-1 M phosphoric 
washed twice with 150 ml. of pH 3 
once with distilled water, and_ finally 
The soluble derivative was precipitated 
at pH 3-5 with methanol (13 per cent) at 5 
onee with dilute phosphoric acid at pH 
and once with water, and then lyophilized. 

Soluble derivatives were obtained from more highly 


acid, separated, 
water and 
lyophilized. 
» 


washed 


whereas lower degrees of substi- 


varying solubility 


substituted cellulose, 
tution yielded derivatives with 
properties. For example, a cellulose with low substi- 
tution (carboxymethylecellulose azide was prepared 
from carboxymethyleellulose products with different 
carboxyl equivalents obtained from Hercules Powder 
Co., Wilmington, Delaware, and Brown Co., Berlin, 
New Hampshire) yielded only an insoluble derivative, 
while one with an intermediate degree of substitution 
vielded an enzyme derivative that was soluble at 
pH 7 but insoluble ut pu a It is not possible to be 
specific im predicting the solubility of the derivatives 
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LPLED AND ENZYME AcTIVITY 


Table 1. COMPARISON OF PROTEIN ¢ 
RESULTS) 


DEMONSTRATED BY CHYMOTRYPSIN DERIVATIVES (TYPICAI 


Substitution on cellulos« Low High 
Alkali- Sol 


solubk 


Solubility of derivative Insoluble Insoluble 
Mgm. protein coupled*® 

gm. derivative 

Mgm. enzyme equiva- 

lentt/am. derivative 


protein was determined by spectrophotometric analysis at 
on the solutions before and after coupling. 

quantity of enzyme in the derivative was calculated by 
enzyme n acetyl tyrosine 


The 
280 my 

t The 
omparison with the activity of the free 
ethyl ester (ref. 2). 


nuformity of substitu- 


because of such factors as thy 
t final 


tion, the number ot tree carboxyl LTOUpS im the 
product, and the condition of the cellulose tibre 

Because of variations in the amount of carboxy! 
substitution on the cellulose, the quantity , 
coupled varies. The greater the original degree of 
substitution the greater the enzymatic acbivity of 
the derivatives: surprisingly, the activities of the 
soluble derivatives are equal to or greater than the 
activity of the free enzyme (Table 1) 

In general, the activ itv ot the derivative is related 
to the degree of hydration of the product rather than 
This has been 


of enzyme 


to the amount of enzyme coupled 
shown by comparing two insoluble derivatives with 
equal amounts of protem substituted on the cellulose 
A derivative which had a tendency to swell in solution 
was 2-3 times as active as a derivative that did not 
show this property. 

Limited studies indicated that both insoluble and 
soluble carboxymethylcellulose derivatives of chymo 
trypsin are more stable to heat than free ehymotryp 
sin, the insoluble derivative possessing the greatest 
There appears to be no shift in the pH 


stability. 
The insoluble derivatives of trypsin and 


optimum. 
chymotrypsin are more active on small substrates, 
for xarnple, acetvl tyrosine ¢ thvl ester®, than on large 
substrates. for example, hit movlobin', showing SOs 
spatial limitation. Furthermore, the trypsin mbhibitor 
of blood fails to inhibit the msoluble trypsim deriva- 
tive, which further suggests spatial mterference. 

The second type of derivative was not so successful 
as the first, but proved that the cellulose-enzyme 
union is not restricted to one type of lmkage. Insol 
uble diazobenzyleellulose derivatives of ribonuclease 
and chymotrypsin were synthesized by the coupling 
procedure of Campbell ef 1 enzyme 
in 100 ml. of 0-05 M borate buffer at pH 8-7 was 
treated with 1 gm. of diazotized p-aminobenzylecellu 
lose at 0 Analysis indicated that the ribonucleas: 
derivative was as much as 23 mgm. per cent protein, 
and the chymotrypsin derivative 34 mgm. per cent 
protein. However, the activities determined spectro 
photometrically for ribonuclease and titrimetrically 
for chymotrypsin? correspond to only 0-6 mgm. per 
respectively 


gm. of 


cent, and 1°3 mgm. per cent enzyme, 
More work on this series may improve the activity 
incorporated into the derivative 

The use of modified cellulose in the synthesis of 
enzymatic derivatives be applicable to an 
extensive series of purified enzymes. Not only may 
a study of these derivatives reveal information on 
how insoluble enzymes function, but it may also 
reveal a very practical way to use certain enzymes, 
the insoluble carboxymethyleellulose 


should 


For example, 
trypsin derivative has been used in our laboratory to 
effect a controlled chy motrypsinogen-to chy motryp- 


sin conversion. After the conversion, the derivative 
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was easily recovered, leaving no trypsin contamina 
tion of the chymotrypsin ; and with proper precau 
tions, the derivative was re-usable. Similar applica 
tions could be suggested for other enzymes. 
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Distribution of Coenzyme @ in Rat 
Liver Cell Fractions 


COENZYME @ (CoQ), which is widely distributed in 
animal, plant and microbial sources, has been impli 
cated in electron transport! and generally assumed 
mitochondria. However, it 
non-mitochondrial fractions 


associated with 
has also been found in 
of green leaves, although it appears to be concen 
A similar distribution has 


to be 


trated in mitochondria®. 

now been demonstrated in rat liver cell fractions. 
Livers of stock colony rats were homogenized and 

The followimg 


fractionated by Schneider's method®. 
the 


determinations were made: coenzyme @ by 
decrease in absorption at 275 my on addition of sodium 
borohydride’, succinic dehydrogenase by the redue- 
tion of dic hlorophe nol indophenol oxidation® 
(which antimycin and cyanide and 
therefore a measure of eytochrome oxidase), acid phos 


is Ssemsitive to 


phatase? after pre-incubation for 1 hr. at 37° © 
esterase activity with menadiol diacetate as substrate 
(Ramasarma, T., unpublished results), and protein 
bv the biuret method". 
Determinations of the distribution of coenzyme @ in 
rat liver cell fractions, giving # set of typical results 
of a number of experiments, are presented in Table 1. 
The mitochondrial fraction contained only 41 per 
cent of the total coenzyme @ and the rest of it was 
distributed in other fractions. The 
coenzyme @ in all the fractions was confirmed by 
The large 
proportion of the nuclear 
fraction (37-5 por cent) does not appear to be due to 
contamination of whole cells or mitochondria, since 
the acid phosphatase, CoQH, oxidation and esterase 
activities low. But, since 30 per cent of the 
total succinic dehydrogenase was recovered in this 
fraction, the possibility of contamination by muito 
be excluded The 
ammount the fraction of 
sub MUICTOSCOpPIC partie les, the total as well as on the 
protein one-third of that in the 
mitochondria, but the activities of succinic delydro 
and CoQH, oxidation in this fraction were 


presence ot 


reverse phase paper chromatography. 


coenzyme present m 


were 


chondrial fragments cannot 


of coenzyme Q present im 
basis, was about 
yenase 
in content and specifie activity 
in comparison to Therefore the 
coenzyme | im this fraction cannot be of mitochon 
partly constitutive 


several times lower 


mitochondria 
drial origin, bit appears to be 
and thus a wider role for coenzyme Q jis Sligvestive 
Whether the coenzyme @ present m sub-microscopic 
particles participates im the two oxidative enzyme 
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Sub- 
microscopic 
particles 


Mito 
chondria 


Nuclei Super- 


natant 


Coenzyme Q amok 

gm. protein eo 0-071 
(per cent) ve 41 7 

Succinate dehydro- 
genase activity 

Co@H, oxidation 
activity 

(per cent) 

Acid phosphatase 
activity 

(per cent) 10 H 21 

Esterase activity 0-005 4 
(per cent) 4 46 

Protein (gm.) 0-425 : 
per cent 27 


O-0040 


muy 


The en wtivities ar expressed as pimoles substrate-changs 
} tain, per mig protein at 37 ¢ The total quantity present ir 
ill the four fractions is taken as LOO per cent 


systems — reduced diphosphopyridin nucleotide 
eyvtochrome ¢ reductase and the oxidation of L-gulono- 
will be of imterest, particularly im 


of an 


~-lactone View 
of the 
co-factor in the latter system’. It is 
note that vitamin K, also a lipid-quinone, was found 
to be similarly distributed: nuclei 24 per cent, 
mitochondria 61 per cent, and 
particles and supernatant 15 per cent, as tested by 
its biological activity’. 

We wish to thank Prof. P. S. Sarma and Dr. J. 
Ganguly for their interest im this work. 
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Conversion of Dl-m-Tyrosine to 
Dopamine in the Rat 


Tue formation of catecholamimes has been 
demonstrated using phenylalanine’, tyrosine®.4, 3,4- 
dihydroxy phenylalanine (dopa)?*, and 3,4-dihydroxy- 
phe nvlserime® as precursors m Ty rosine (3 hydroxy ° 
phenylalanine) has been considered im this laboratory 
as another possible precursor, for it 1s decarboxy lated 
by mammalian organs and its 
decarboxylation product, m-tyramine, is found in 
normal*® and phenyl ketonuric and im urine 
of subjects who have reeeived an inhibitor of mono 
amineoxidase!", The recent characterization — of 
leptodactyline as the trimethyl-ammonium salt of 
m-tyramine!! that at some animal 
species Can although this amino 
acid has not vet been identified in anv natural source 


ftro® and in 


urimes, 


suggests least 


form -tyvrosime, 
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Table 1 


URINARY EXCRETION OF DOPAMINE IN THE RaT 


Recovery of 
m-tyrosine 

as dopamine 
(per cent) 


Mean- 
body- 
weight 
(gm.) 


Dopamine 
excreted | 
per rat 


Dose 
(mgm 
kgm.? 


Compound 
administered® 


None 23 0-7 
DL-m-Tyrosin« 100 
pDL-m-Tyrosine 21: 28 


None 
-m-T vyrosine 
3,.4-Dopa 


L 
L- 
1L-3,4-Dopa 


DL-m-Tyrosine 


DL-m-Tyrosine 

Same, but pre 
treatment 

with reserpine 

(see text) 100 


* Injected intraperitoneally in aqueous solution ; controls received 
equivalent volume of saline. Three rats were caged together and 
their pooled urine was analysed for dopamine fluorometrically (ref. 13). 

+ In exp. 1 urine was collected for 5 hr.; in exps. 2 and 3, 19 hr 
in exp. 4, 21 hr 

We have found by administering DL-m-tyrosine 
(California Corp. for Biochemical Research, Los 
Angeles) to rats that excess dopamine (3,4-dihydroxy- 
phenylethylamine) is excreted in the urine. In exps. 
1-3 of Table 1, 0-19-0-47 per cent of the dose admini- 
stered was excreted in the urine as the catecholamine. 
The urinary estechols obtained in exp. | were 
adsorbed on alumina and eluted with 0-5 M acetie 
acid; fluorescence of the eluate was measured at 
235 mu (activation at 280 mu) in an Aminco- Bowman 
spectrophotofluorometer. With these conditions, 
dopamine fluoresces maximally, but specificity is 
lost by comparison with the oxidative procedure in 
which a fluorophore is formed from dopamine, but 
not from the other catecholamines, the catecholic 
acids'2, or m-tyrosine. This fluorescence, calculated 
as though it were all due to dopamine, gave a recovery 
of 0-26 per cent based on the DL-amino-acid ; this is 
to be compared with the recovery of 0-19 per cent, 
estimated on the same material but using a specific 
fluorometric method'*. In two other experiments 
of the same type the values for recovery were 0-27 
and 0-28 per cent by the non-specific, and 0-25 and 
specific, fluorescence measure- 


0-27 per cent by the 
The yield from dopa is much 


ments, respectively. 
greater (exp. 2) 

Descending chromatography of the alumina eluates 
of exp. 1 was carried out on Whatman No. 3MM 
filter paper, using 1” butanol/acetic acid/water 
(7: 1:2), for 18 hr. After drying and spraying with 
ferricyanide reagent the eluate of urine of rats 
receiving m-tyrosine showed one spot this was at 
the same position on the chromatogram as authentic 
dopamine. The eluate of control urine showed no 
such spot. m-Tyrosine is not adsorbed on alumina 
under the conditions used for preparation of the 
eluates. 

Nine rats weighing 
intraperitone ally with 200 maim. of m-tyrosine per 
kgm. 30 min. later they were killed by guillotining, 
and the kidneys were removed for analysis. These 
organs contained 0:54 ugm 0-09 (S.E.) of dopamine 
per pair of kidneys. A similar group of nine animals 
which had received 5 mgm./kgm. of tranyleypromine, 
a@ potent monoamine oxidase inhibitor, gave a mean 
of 1-98 ugm. 0-31 (S.E.). Control values (3 rats 
each) were 0-07 ugm. (range, 0-060 OS) and 0-26 
ugm. (0-17-0-30), respectively. 

The excess urinary dopamine found after admini- 
m-tyrosine to rats as deseribed could 


225-250 gm. were injected 


stration of 
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possibly be attributed to release of the amine from 
storage sites in the tissues. In order to verify this 
point, rats were injected intravenously with 10 mgm. 
of reserpine per kgm. to deplete the tissues of cate- 
cholamines, and 72 hr. later were given 50 mgm. 
m-tyrosine/kgm. intraperitoneally ; were 
treated similarly except that the vehicle alone was 
substituted for the solution of reserpine injected. 
Matched groups receiving reserpine or vehicle, but 
not the amino-acid, were used to correct. the values 
of the groups getting m-tyrosine ; the level of this 
endogenous urinary dopamine is very low. It will 
be noted in Table 1, exp. 4, that the reserpine-treated 
and placebo rats excreted the same proportion of the 
This indicates 
‘bound’ 


cont rols 


administered amino-acid as dopamine. 
that a releasing action by m-tyrosine on 
tissue dopamine does not play any part in the results 
obtained here. 

The conversion of m-tyrosine to dopamine involves 
(1) oxidation of the ring in the para position and (2) 
decarboxylation. The order in which these oceur 
and the mechanism of the ring oxidation are not 
known. Microsomal enzymes of the liver are known 
to oxidize aromatic rings in more than one position, 
but they do not appear to act in this way on L-phenyl- 
alanine™. Whether the same is true of m-tyrosine 
awaits further experiment. 

This investigation has been supported by a Domin- 
ion-Provincial Mental Health Research Grant. 
Tranyleypromine (SAK F 385-A, trans) was generously 
provided by Smith, Kline and French Laboratories. 
Philadelphia, Pa. 
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Reduction of Coenzyme @ by Succinic Acid 
Dehydrogenase 


Crane, Hatefi, Lester and Widmer'? have shown 
that coenzyme Q is reduced by mitochondria or 
derivative particles like electron-transporting parti- 
cles, or succinic dehydrogenase complex, and that 
this reaction is sensitive to antimycin A. We have 
now succeeded in reducing coenzyme Q with a soluble 
preparation of sueciniec acid dehydrogenase, and 
this reaction was not sensitive to antimycin A. 
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REDUCTION OF COENZYME Q@ BY SUCCINIK 
GENASE 


Assay conditions : 75 4M potassium phosphate, pH 7-2; 0°08 mgm. 
coenzyme Q in 0-02 ml. of anhydrous ethanol; 0 25 M sucrose to 


Iml. Incubation at 37 


4764 


Table 1. ACID DEHYDRO- 


Percentage of 
coenzyme @ 
reduced 


Duration of 
incubation 
(min.) 


Enzyme Inhibitor 


(mgin.) 


succinate 


None 


Antimycin 
(30y) 
Antimycin 
None 
Antimycin 
(30y) 


None 


The enzyme was prepared from pig heart by the 
method of Neufeld et al. (preparation B, stage V1)’. 
The enzyme was dialysed at 0° against distilled water 
for 2 hr. The preparations showed succinic acid 
dehydrogenase activity, as measured by Slater's 
method‘, in the presence of methylene blue (12 ul. 
oxygen per mgm. of protein, per 60 min.), but did not 
exhibit any cytochrome reductase and succinic 
oxidase activity. The reduction of coenzyme @ was 
determined by the method of Hateti ef a/.*. The 
results are given in Table 1. 

The results show that coenzyme Q is reduced by 
succinic acid dehydrogenase in the presence of suc- 
cinate. Since this reaction is insensitive to antimycin 
A, it may be assumed that cytochrome 6 is not 
involved in this reaction. 

A more detailed account of the experiments will 
be published in Acta Biochimica Polonica. 
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PHYSIOLOGY 


Nervous Activity in Relation to the 
Respiratory Cycle 


In the intact organism the physiological systems 


varying degrees of integration and 
interaction. Respiration is a cycle which appears 
likely to bear relationship to moment-to 
moment activity of the nervous system, because of its 
general biochemical effects, its wide afferent and 
efferent connexions, and its association with the 
brain stem reticular system. It is therefore relevant 
to ask whether changes in nervous activity occur 
preferentially in any part of the respiratory cycle. 
An answer can be sought in many facets of nervous 


should show 


some 
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function. In the electroencephalogram an abnormal 
feature very suitable for such study is the recurring, 
relatively stereotyped complex seen in sub-acute 
encephalitis! and possibly initiated from brain stem 
structures. A recent study in two cases? showed that 
these complexes arose preferentially at certain parts 
of the respiratory cycle ; and the same obtained for 
eye blinks and voluntary movements. Further 
results reported here support the view that this 
asymmetrical distribution of activity is a more general 
phenomenon. 

The object has been to determine the frequency of 
occurrence of a particular activity within each 1/10 
of the respiratory cycle, a standard reference point 
on the activity being used for this analysis. The 
and cardiogram 


electroencephalogram, respiration 
s or 16 channel 


were recorded simultaneously on 7, 
apparatus im more than 40 patients undergoing neuro- 
psychiatric investigation and in 12 normal adults. 
Respiration was measured unobtrusively with a 
thermocouple on the nose, and in some instances also 
by an expanding potentiometer on the chest. The 
respiratory ink traces showed distinct transition 
points at the onset of expiration, the interval between 
adjacent points being taken as a respiratory cycle, 
For analysis the respiratory tracing was obscured 
while standard reference points on the activity under 
study were marked on the trace. Each selected point 
was later projected on to its associated respiratory 
trace so that the 1/10 in which it fell could be determ- 
ined, and frequency distributions compiled. The 
expiratory onset indicated by the thermocouple was 
probably not physiologically identical in all subjects 
but this seemed unlikely 
For 


or states of consciousness ; 
to produce misleadingly significant 
statistical assessment the observed frequencies in the 
10 intervals were compared (using chi square) with 
In each group 


results. 


equal expectations at each interval. 
subjects in which observation departed from expecta 
tion at the < 0-01 level were considered individually 
the sum of the data from the rest of the group was 
assessed in the same way after a preliminary chi 
square analysis to ensure that the figures to be 
summed did not differ significantly. 

‘Spontaneous’ arousal activity of the K complex 
type was studied in 16 subjects in quiet barbiturate- 
induced or natural sleep under ordinary laboratory 
conditions, analysis being restricted to those com- 
plexes arising without any provoking sound recorded 
A masking background notse 
was used in instances. The total frequency 
distribution for the onset of 1,700 complexes appears 
in Fig. 14. There are two distinct patterns——(4) 
those with a peak in the first 1/10, and (2B) the 
remainder ; and as seen from the figure these differ 
essentially by 1/10 phase. Statistically, for 3 subjects 
- 0-01; for the 


or noted at the time. 


some 


with large numbers of arousals, P 
remainder summed, P? < 0-01. 

Spindle activity arising apparently spontaneously 
under the same conditions was studied in 16 subjects. 
The onset was again used as the reference point, 
analysis being restricted to activity occurring as @ 
generalized change. In Fig. 1B appear distributions 
for the total (4,530), and for the two divisions (A, B) 
split as for arousal activity. The patterns are less 
striking. Statistically, in 3 subjects P < 0-01; and 
in the remainder summed P < 0-02. 

Spike and sharp wave activity in barbiturate- 
induced sleep in temporal lobe epileptics was studied 
similarly, but the analysis was complicated by the 
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VOL 


every few seconds or so will, 


ut 


—— 


Respiration (1/1L0ths) 


of events within each 1,10 
eyele, taken as from the onset of one expiration (exp.) to the 
ire the onset of {, arousal activity B, sleep spindlk ( 
wtivity Db, complex n a case of sub-acute encephalitis 
blinking in normal adults patients (/’ts.), 

of the hands N of observations 


hig Frequency of occurrence 


Total 


tendeney for the discharges to occur repetitively or 
in groups. Consistent results were obtaimed and the 
distribution of 3.270 discharges in 7 patients is seen 
in Fig. 1C (P < 0-001) \ case provided a 
clear exception to this pattern In the waking 
state there was no such uniform picture, as shown in 
Fig. 1C for 1,970 discharges in 7 patients. 

In a case of sub-aeute encephalitis the results 


tumour 


for the onset of the complexes 
are in Fig. 1D 
though not identical, double 


similarly 
when and 
(P Striking, 
peak patterns have been seen in 
studied similarly in 
the purpose of the 

visual distraction. 


obtaimed 
awake asleep shown 
2 other cases. 
was 

adults of 
and free from 
Summed distribution for the onset of 2,720 blinks is 
shown in Fig. LE (N). For 3 subjects P O-O1 : 
for the summed remainder P 0-02 In 7 patients 
with more frequent blinking and some \ isual distrae 
in 


Spontaneous blinking 


S normal unaware 


investivation 


tions the results were less uniform, as shown also 
Fig. LE (Pts 

Voluntary tapping of the 
hand were studied similarly and the summed results 
war in Fig. IF for right (PR) and 
ws ibje cts were reque sted to tap 


repetitive movements 


for 10 subjects ap 
left (1) hands = 


the 
next 


spike 


I 


voluntary tapping move 


but 
and 
over 
Te 


preferably 
without 
the tapping was performed 
long periods, imterrupted — by 
quests for pauses, changes of hand 
All 
unaware of the purpose of the pro 
that respiration 
For 2 subjects 


non-rhythmically, 


special attention ; 


or frequency. subjects were 
cedure and many 
wes being recorded 
P 0-01: and for the remainder 
summed J]? Fairly rapid 
rhythmic tapping demented 
showed 


defective patient 


of this 


and 
only 
distribution 

In natural sleep, dished or double 
peek observed 


for the onset ot slow activity in the 


traces asviInmetr.c 


distributions were 
presence of a tumour, : nd for slow 
on 10 spike dis 


Prelimin 


activity leadimy 
charges in foce! opile psy. 
ary study ot the suppression burst 
activity of deep narcos.:s suggests 
an asymmetric distribution. Spike 
and-wave type of epileptic activity 
showed in sleep a double peak dis 
tribution which could be seen to 
some extent in the waking state, but 
not in all cases. A distribution 
similar to that for sub-acute en 
cephalit Ss Was Seek lifelong 
epileptic with unusual recurmng 
complexes associated with eyelid 
flutter. The double peak distribu 
tion may possibly be a basic pattern 
for of eaetivityv. It 
might be noted that the respirator) 
distribution of heart beats (@ waves) 
with the 


m 


some groups 


has features in common 
above patterns when simus erhyth 
mia is present’. 

For anv activity the distribution 
pattern depends on the freque mney ot 
repetition and the reference pon 
chosen (changes in this latter producing a ‘phase’ or 
horizontal baseline shift) Nevertheless, patterns 
seen to a striking extent in sub-acute encephalitis 
are present to a lesser extent m other funetions, 
though these are not necessarily independent of each 
other ; for example, possibly the distributions of spike 
and spindle activity result from their association with 
arousal activity, which has much in common with 
encephalit ie complexes. No methodological error 
has vet been found to account for these results The 
possibility must be considered that the respiratory 
evele reflects an influence which affects the probability 
of occurrence of many activities, an influence which. 
in the eleetroencephalogram, is best seen mm sleep and 
certain pathological states where discharges may be 
initiated from brain stem structures. This influence, 
which need not be excitatory, might affect respiration 
and the reticular activating 


or be secondary to it ; 
It might 


system would appear of first Importance. 
impose a periodic tendeney on otherwise sporadic 
activity, and influence the repetition interval or the 
likelihood of progression, for example, to a clinical 
attack. The termination and duration of activity 
are of interest in this type of study, which may assist 
the grouping of elect roencephalogram phenomena 
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Similar investigations of other aspects of mervous A consistent change in mode of respiration during 
activity, for example reflex and automonuc fumetrons, sleep as a response to a sound stimulus could be used 
are relevant as objective evidence as to the site of the lesion in 

kK. W. Poow deaf children, and may be of value m distinguishing 


; deafness from mental deficiency. It ts likely that 
Department of Clinical Neurophy 


Institute of Psychiatry, 
London, S.E.5. 


studies of the arousal system im man might be 
furthered by close study of associated respiratory 
changes and also the problems of adaptation’ and 
od Hill, Bram, apperception in sleep 
KEG Clin, Neurophy aida cities We have observed when using hypnosis that a 
change in the mode of respiration occurs as the s ibject 
becomes hypnotized and that this can be used as the 
Changes in Mode of Respiration as an first re Aa se of a change in the state of the subject 
Indication of Level of Awareness when there is no other objective evidence. It has 
DuRING study ot the peripheral automomi been observed that snoring can occur with every 
electroencephalographic« and psychological accom clinical appearance of sleep on the suggestion that 
paniments of emotional states, 
it was discovered that frequently 
a change from thoracic to abdom 
inal breathing, or vice versa, 
denoted more clearly than the 
elect roence phalograph alone a 
change in the level of consciots- 
ness. The respiratory pattern was 
demonstrated by means of two 
expanding straps attached to 
potentiometer transducers, 
around the abdomen and the other 
around the chest The electro 
encephalograph, eye movements, 
valvanic skin resistance and pert ‘ 
pheral vasomotor changes were 


also recorded, and there Was 


sound-level indicator 


Fig. 1 the subject is drowsv and 


graph shows arousal with a tram 


of slow waves of high voltage 
Lecompany img this there a 
change to abdominal breathing 
In the lower part of the figure 
there a shorter but similar 
arousal response and a change in 
the background activity of the 
electroencephalograph following a 
snore. but with a longer latenes 
The mode of respiration agam 
changes to abdominal 

In Fig. 24 there is an apparently 
spontaneous arousal associated 
with an eve movement and a slight 
change to abdominal respiration 
In Fig. 2B, following an external 


there is no arou sal response 


in the eleetroence phalograph and 
no change in the background 
aetivity, but an ey movermen»nt 
nitiates a clear change to abdom 
inal breathing. In Fig. 2C there 1s 
again an apparently spontaneous 
arousal re sponse in the electro 
phalograph with mo assoc iated 
change m respiration, and to the 
right of the record a change in skin 
resistance (PGR) is followed by an 
electroencephalograph arousal and 
a change to abdominal respiration 
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the subject go to sleep, while the elect roencephalo 
graph remains that of the waking state. 
L. GOLDIE 
J. M. Green* 
Institute of Psychiatry, 
Maudsley Hospital, 
Denmark Hill, 
London, 8.E.5. 


* Supported by a grant from the Ford Foundation. 


The Synchronous Discharge of Apocrine 
Sweat Glands of the Welsh Mountain 
Sheep 


EvIpENCE that from time to time the apocrine 
sweat glands of the Welsh Mountain sheep discharge 
their contents synchronously over a large area of 
the fleece-covered skin has emerged from the observa 
tion that thermocouples attached to the skin any 
where beneath the fleece simultaneously register an 
occasional and brief rise in temperature which 
frequently exceeds both ambient temperature and 
deep body temperature as measured by a thermo 
couple implanted within the brachio-cephalic trunk! 
(Fig. 1) 

The rise in skin temperature cannot be attributed 
to a change in tissue conductivity, but could be due 
to the generation of heat at, or near, the surface of 
the skin, as might occur if an aqueous fluid were 
abruptly discharged from the skin and absorbed by 
the fleece, since the uptake of water by wool, which 
is hygroscopic, involves an exothermic reaction®-*. 
As there is a rise in the humidity of air drawn con 
tinuously through a cup attached to a shaved area 
of skin simultaneously with the rise in skin tempera- 
ture beneath the fleece elsewhere on the body surface 
(Fig. 1), while no rise in skin temperature is detected 


Temperatures 


lity (per cent) of 


ugh sweat cup 


lative 
passit 


y 
. 
K 


rime (5-min. intervals) 


Fig. 1. The effect of a spontaneous discharge of fluid from the 
skin upon the skin temperature beneath the fleece (0), the 
relative humidity of air passing through a sweat enp (@), 


respiratory frequency (©), and the temperature of the 


supply to 


blood 


the brain (@) at an ambient temperature of 42° ¢ 
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fable 1. EFrrect OF AMBIENT TEMPERATURE ON THE FREQUENCY 
OF THE SPONTANEOUS DISCHARGE OF THE SWEAT GLANDS 
Ambient Sheep No. of No. of definite No. of possibk 
temperature No s-hr. exp discharges discharges 
4 
4 2 ” 
14 
6 
ss be t 
38 


by a thermocouple attached to another shaved area 
of skin, this appears to be the explanation for the 
phenomenon. 

The aqueous fluid is almost certainly derived from 
the apocrine sweat glands, of which there is one in 
association with each primary wool follicle®, as it is 
known that the glands can be discharged by the 
administration of adrenaline (ref. 6 and Elliott, J. H., 
and Ferguson, K. A., personal communication), and 
the intravenous injection of 10-50 ugm. of adrenaline 
into a 25-kgm. sheep, under suitable conditions, will 
cause a similar rise in the temperature of the skin 
beneath the fleece. However, a second injection of 
adrenaline 30 min. later, or an injection of adrenaline 
shortly after a spontaneous discharge, may have only 
a small, or no, effect. This might be expected if the 
apocrine glands, following the their 
contents by the contraction of the myoepithelium, 
secretory ¢ ells. 


‘ xpulsion ot 


are only slowly recharged by th 

It is unlikely that the spontaneous discharge of 
the sweat glands results from a rise in blood adren 
aline, as it is accompanied by a small depression 
(10-15 mm. mereury) in mean arterial blood pressure. 
A similar depression results from the intravenous 
injection of 3-5 ugm. adrenaline, but a larger quantity 
of adrenaline with a marked rise in blood pressure 
is generally necessary to discharge the sweat glands 
The discharge may be mediated through 
a sympathetic innervation of the myoepitheliun, as 
has been suggested for man’. 

The spontaneous discharge with greater 
frequency at higher ambient temperatures (Table ] 
but does not depend upon any rise in the temperature 
of the blood supply to the brain, and performs no 
obvious thermo-regulatory function. The Welsh 
Mountain sheep is generally able to maintain thermal 
equilibrium at an ambient temperature of 42° C, 
when evaporation is the only available channel of 
heat loss, whether or not there is a discharge of the 
sweat glands. Further, at high ambient temperatures, 
the mass discharge of the sweat glands is accompanied 
by a depression in respiratory frequency (Fig. 1) 
which more than compensates for any evaporation 
from the skin and may cause a small temporary rise 
in deep body temperature. A possible explanation 
for the greater frequency of higher 
ambient temperatures, which are accompanied by 
higher skin temperatures but not by a higher deep 
body temperature, is the local effect of heat on the 
secretory cells. An increase in the rate at which 
the secretion is formed would enable the glands to 


stimulus 


occurs 


discharges at 


discharge more frequently 

A spontaneous mass discharge of the apocrine sweat 
glands followed by a quiescent period while the glands 
are being recharged does not appear to have been 
observed in other species with histologically similar 
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glands. The ox responds to high ambient tempera- 
ture*, and the horse responds to exercise’, With what 
uppears to be a continuous discharge of sweat, which 
may be due to a continuous process of secretion, or 
to the asynchronous discharge of the glands. How- 
ever, human apocrine glands become refractory to 
further stimulation after they have been discharged 
by injected adrenaline?.°, and it has been suggested 
that there are synchronous variations in the sweat 
rate of human ecerme glands, which may be due to 
the simultaneous contraction of the myoepithelium". 

It has been claimed that sweating is an important 
channel of heat loss in sheep when exposed to high 
ambient temperatures’ 4 and the possibility of a 
background activity apart from the intermittent 
mass discharge of the sweat glands remains. However, 
'? has shown that panting prov ides 
loss and 


more recent work! 
an adequate channel for evaporative heat 
that sweat gland activity may be of little importance 
in temperature regulation. 

While this synchronous discharge observed in the 
sheep wm not a characteristic of apocrine sweat glands, 
it may be a characteristic of the more primit ive organ 
from which these and other skin glands have evolved. 
The skin glands of frogs and mammary glands both 
respond synchronously to humoral stimuli, and the 
sweat glands of the sheep. which may serve little or 
no thermo regulatory function, may repre sent a 
relatively primitive type of apocrine gland. 

I am indebted to Mr. A. Barton for his scrupulous 
experimental WSSISTAILES and to several colleagues for 
helpful discussions. 
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influence of Calcium on the Potassium- 

Contracture of ‘Slow’ and ‘Fast’ Skeletal 
Muscle Fibres of the Frog 

Ir is well known that is an important 
link in electromechanical coupling ; 
is little information about the underlving mechanism. 
Our knowledge about the action of calcium on the 
contracture of heart and skeletal mus les has been 


calcium 
however, there 


extended by a series of important observations! 

Our experiments on electromechanical coupling 
have led us to investigate the of calerum 
on tonie and twiteh muscle fibres and 


action 
to examine 
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M. ileofrbularis 


tonic muscle bundle 


phasic muscle bundle 


ig Contraction (in isotonic potassium chloride solution) 
of fast (@, 6, ¢)) and slow (@, 5, ¢2) muscle-fibre bundles from 
m. ileofibularis of Rana temporaria atter different preceding 
treatment (experime nt from March 3, 1960). a, and @, fast and 
slow bundle after having been kept In normal Ringer’s solution 
for 1 hr. before adaition ¢ f potassium chloride _ b, and b, : these two 
bundles had been kept tn isotonic, calcium-rich Ringe r’s solution 
tor 1 hr. (838-0 m VW sodium chloride; m VW potassium hloride 
13-0 mM calcium chloride). Potassium chloride solution in this 
mM potassium chloride, 13 mM ealcium chloride). 
These two bundles had been kept in isotonic, calcium- 
Ringer's solution for 1 hr. 17-7 mM sodium chioride ; 
potassium chloride, 0-0 mM ealcium chloride) before 

iddition of potassium chlorick 


l. 


the problem whether the property ‘slow’ or ‘fast’ of 
a muscle fibre 1s influenced or caused by calcium. 
Fast and slow muscle fibre bundles from the m. 
ileofibularis (Rana ese ilenta and 
used for our experiments, the results of which are 
briefly discussed. Fig. la shows the typical reaction 
of a bundle of fast (a,) and slow (a,) musele fibres 
to isotonic potassium chloride, that is, a rapid decline 
of the shortening of the twitch fibres and the pro- 
longed contracture of the tonie ones. 
the membrane potential is identical in both 
cases—it declines considerably and remains low- 
this means that there is a quick uncoupling of the 
of contraction and depolarization in fast 
Conse- 


temporal! ia) were 


Since 


} yrocess 
fibres, but this 1s not the ease in slow fibres. 
quently there must be other governing factors. As is 
shown in the records reproduced in Fig. 1, this 
mechanism of coupling can be influenced by changing 
the calcium content of the Ringer’s solution, which 
results in a more or less complete reversal of the 
specifie function of either type of muscle fibre. 

Curve }, shows the contracture due to potassium 
of a bundle of fast fibres after a preceding treatment 
with Ringer’s solution of ten-fold calcium 
The reaction has become considerably more tonic 
Even more pronounced is the effect of calcium on 
tonie fibres (curve ,), which shows a higher and more 
prolonged eontraction than that recorded in curve 
a,. Finally, curves ¢, and c, show the effect of the 
absence of calcium on either type of muscle fibre 
the contracture declines very rapidly. 


content. 
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function of fast and slow 


influence of varied caleium 


This 
muscle fibres under the 
concentrations is not caused by a specific kind of 
therefore seems to be 
the calcium on the 


reversal ot the 


membrane depolarization It 
the result of a direct 
mechanism of contraction 


action of 


contracting properties of fast 
and slow muscle fibres under the varying 
liunited to contracture 
the 


The change im the 
influence of 
calcium concentrations is not 
caused by It is 
called Ermddunaskontraktia 
Chis will be 
The difference in the contractile properties of fast 
wide differences in 


true for 


the 


also 


and for 


potassium. 
twitch. 
discussed elsewhere 
and slow musele fibres sugyests 
the fundamental mechanism and ton kinetics 
Further investigations will be required to determine 
whether fast and slow muscle fibres have a different 
calcium content (probably through ealetum pumps 
of different effectiveness), and whether the different 
resting potential (about 85 mV. for fast fibres ; 60 
mV. for slow fibres) inhibits the permeability of the 
to calcium ions. 
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Distribution and Fate of Rose Bengal 


Ir has been suggested! that complexity of the rose 
bengal plasma decay might be due to the 
uptake, by organs other than the liver, of different 
components of the dye Biorek et al? and Meurman?, 
using commercial rose bengal labelled with iodine-131, 
which this 
interpreted the plasma decay 


curve 


obtained results mace assumption im 
probable and have 
eurve by MSSUTTLITLY the existence of a reverse flow of 
dye from liver cells into the blood 

In order to investigate this problem further, a pure 
component of rose bengal (B.D.H.) was separated by 
pueper chromatography according to Ishida al? 
This pure compound has a mauve-pink colour and is 
not fluorescent by ascending paper chromatography 
value of about 0-42 and by descending 
a value of about 0:47. Maximal absorption of a 
0-002 per cent solution was at 548 mu while for the 
540) mu Labelling with 
with slight modifications, 
according to Liebster and Andrysek®. The isolated 
component contained 41 per cent of the total radio 


it has an FP; 


total dve it occurred at 


iodine Was rformed, 


activity and no free iodine-131 was detectable. 


Using this purified labelled rose bengal it was found 


that the plasma decay curve in the rabbit was 
prec sely the same as when using the original multi- 
component labelled ross benval This curve is 


approximately bi-exponential and closer exammation 
shows that each of the two parts of the curve can be 


resolved into two exponential functions. The 
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percentage disappearance rates per iin. Im typical 
curve had values of 28-9, 7-4, 1-2, and 0-11. It is 
concluded that the shape of the rose bengal plasma 
curve is not due to heterogeneit Vv of the dye but 
solely to the biological situation. 

Little information exists on extra hepatic uptake 
of rose bengal and no quantitative data are avail- 
able®*. The dye is bound by serum protem’® and 
mostly by albumin’. Because trans-capillary passage 


of plasma protein takes place'®-'* it is likely that 
some extra-vaseular diffusion of rose bengal will 
occur It was found im normal rabbits that the 


amount of dye present in the extra-vascular space is 
not more than 3-4 per cent of the injected dose 
(60-80 ue. rose bengal labelled with iodine-131 in 
5-10 mem. carrier in 1-2 mil. of Rimger solution). 
rhis finding is supported also by the fact that im 
Meurman’s data* about 6 per cent of the dose given 
is missing, and is most likely to be found in the 
carcass of the animal. By considering the size of the 
extra-vascular space’, and the relative slowness of 
exchange!', the later exponentials of the plasma 
decay curve appear to be explained 

Having to hand a single component of rose bengal 
it was thought worth while to see if the liver under 
takes anv biochemical conjugation of the dye as it 
does in the case of bromsulphalein'®. Samples of 
rabbit bile, collected at different following 
injection with labelled rose bengal, were subjected to 
ascending paper chromatography. Only one radio 
active with practically ummoditied Ry 
appeared for each sample, thus excluding transforma 
This agrees with the 


Times 


spot value 
tion or conjugation of the dye. 
recent finding of Kubin et a/."*. 

The fate of the albumin molecule after the remova 
of the bengal investigated. Rabbit 
albumin, prepared using carboxymethyl cellulose’ 
the elution gradient indicated by 
labelled by the iodine monochloride 
iodine-125 and then meubated with 
with 


rose was also 


and conditions 


Cohen'*, 
method'*® 
bengal 


Was 
with 


labelled 


rose fabout 0-7 


m 


Days 


Plasma radioactivities after injecting 
into rabbits 
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mole rose bengal per mole albumin). After dialysis 
at 2~ C. against saline buffered with 0-01 .M phosphate 
at pH 7-35, less than 0-5 per cent of the radioactivity 
was soluble in 10 per cent trichloracetic acid. The 
iodine-131-labelled bengal / iodine-125 labelled 
albumin complex was injected into two rabbits and 
radioactivities were measured in plasma, total body, 
urine and Fig. 1 shows that the iodine-131 
label disappeared very rapidly from the circulation ; 
it was found quantitatively in the fweces. The iodine- 
125 label, on the other hand, behaved exactly as it 
when attached to normal rabbit albumin?®®.?', 
that is, there was an initial disappearance of about 
half the albumin into the extra-vasecular space and 
thereafter a steady exponential rate of loss oceurred 
with half-lives of 130 and 140 hr. in the 
ments. 
These experiments have demonstrated the lability 
of the dye-albumin complex and that the binding 
in vitro of rose bengal does not affect the catabolism 


rose 


feces. 


does 


two expert 


of the albumin. 
The advice and help of Dr. A. 8S. MeFarlane and 
Mr. R. C. Holloway are gratefully acknowledged. 
V. Bocet 
National Institute for Medical Research, 
Mill Hill, London, N.W.7. 
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HAMATOLOGY 


Inherited Hemoglobin lonographic 
Properties in Cotton Rats 


A RECENT comparative study! showed that cotton 
rats (Sigmodon hispidus) were more variable, regard- 
ing hemoglobin electromigration properties, than the 
other examined. Several rats of 
different hemoglobin types were retained as breeders 
the basis for these 


species cotton 


in order to investigate genetic 
differences 

Hemoglobin jionograms were obtained with 
Schleicher and Schuell 20434 mol filter-paper strips 
in a Spineo Durrum type model R electrophoresis 
cell, The of electrophoresis 


conditions were as 
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hig. 1. Scanning curves of « on rat hamoglobin lonogram- 


follows: 0-0225u veronal buffer containing 15 per 
cent glycerol, pH 8-6, 20-26° 10 V 8 hr 
duration. The dried strips were stained with brom 


phenol blue and were scanned in a Photovolt model 


525 photoelectric densitometer. 

Absorption scanning curves of the three different 
types of hemoglobin ionograms found among cotton 
rats taken from wild populations are presented in 
Fig. 1. Among 23 cotton rats collected in Stanly 
County, North Carolina, 21 had haemoglobin of 
type 2 and two had hemoglobin of type 3. Of 11 
cotton rats collected in Colquitt County, Georgia, 
seven had hamoglobin of type 2, two had type 3, and 
two had type 1. Within the limits of 
obtaimed, hawmoglobin type | seems to be a single 
but 
a major one plus a minor one of higher 

Type 3 is qualitatively indistinguishable, 
by this technique, from a 1:1 
globin types 1 and 2. 

Protein that did not migrate from the 
probably cellular debris that remained in the solutions 
after When 
were shaken with toluene or when centrifugation was 


resolution 


component, type 2 seems to contain two com 
ponents, 
mobility. 


mixture of huemo 
origin is 


centrifugation. hemoglobin solutions 
however, 
cotton rat hemoglobins of all three types tended to 
precipitate from concentrated solutions, and omitting 


prolonged these peaks did not appear ; 


toluene extraction and shortening centrifugation time 
resulted in greater resolution. 

In Table 1, 1, B and C’ represent 
individuals that produce haemoglobin types 1, 2 and 
3, respectively. These results show that type A mated 
to type B produced only type C offspring. Type Cc 
rats mated to type ¢ ( and B 


cotton rat types 


produced tTvpes 
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Table 1. Cotton Rat MATINGS 


Offspring 


No. of 
Matings matings | Type A Type B Type C Total 
B 2 0 6 
( < ASS 2 1g | 0 
C33 5 2% 6°99 8¢ 26 
By Cé 2 0 | 12 
1 


offspring in the approximate ratio 5:2: i, respec 
tively. (A chi-square analysis of the actual ratio, 
5:14:7, reveals that greater departures than this 
from the 1:2: 1 ratio should occur by chance about 
75 per cent of the time.) Type A mated to type 
produced only types A and C offspring. Type B 
mated to type © produced only types B and (C 
offspring. These findings plus the observation that 
21 out of 23 rats taken at random in Stanly County. 
North Carolina, were type B (suggesting that type B 
cotton rats breed true) indicate that types A and B 
represent the homozygotes and type C the heterozy- 
gote of at least two contrasting genes. The fact that 
a 1:1 mixture of hemoglobin from types A and B 
rats is almost indistinguishable from the hemoglobin 
of type C rats suggests that these hemoglobin genes 
act codominantly. The genes cannot be sex-linked, 
for heterozygotes may be of either sex. More data 
are needed, however, in order to ascertain whether 
the hwmoglobin locus in cotton rats is sir iple or 
complex. 

I am indebted to the National Science Foundation 
for the support of this investigation. 

CHarites W. Foreman 
Biology Department, 
Pfeiffer College, 

Misenheimer, North Carolina. 
* Foreman, C. W., Amer. Midland Nat., 64, 177 (1960) 


A New Inheritable Property of 
Human Sera: the InV Factor 


Grubb and Laurell', Harboe and Lundevall? and 
Harboe*® have described the serum groups Gma, Ginx 
and Gmb with the help of some rheumatoid-arthrit ic 
sera which were able to agglutinate O Rh + red cells 
sensitized with an incomplete anti-D. Also with an 
anti-D rheumatoid-arthritic serum complex, Stein 
berg and Giles* have discovered a new factor (Gm-like) 
only present in the Negro sera but absent in the 
Whites. Ropartz et a/.° have demonstrated that some 
sera withdrawn from healthy donors could be used 
for the Gm groups typings ; in fact, such sera some 
times possess &@ very pure anti-Gin specificity 

In particular, we studied one of these sera, Virm 
(the clinical examination shows no signs of arthritic 
diseases and the Waaler—Rose test is positive to 1/64) 
This serum, withdrawn from a blood donor, has the 
ability to agglutinate O Rh + red cells, coated by an 
incomplete anti-D We could demonstrate that : 
(1) eome normal sera were able to inhibit its agglut- 
inating power ; (2) this inhibitory power is inheritable 
and dominant in regard to the non-inhibitory one ; 
(3) this inhibitory property is contained in the 
y-globulin fraction (Burnstein’s method); (4) its 
relation with the Gma, Gmb and Gmw factors is 
actually studied. 

This new serum group is ternporarily called InV. It 
is found in 18-52 per cent of the sera of our population 
chosen from Seine-Maritime, France. Of 324 in- 
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dividuals tested, 60 were found to be InV{( - ). 
The inheritance of this factor has been confirmed 
by the study of 34 matings yielding 74 children. Out 
of this family material, 25 families with both parents 
InV(—) had children who were all InV(—). The 
anti-D used for the red cells coating had the pheno- 
type InV(+). We have found people InV(—) and 
InV(+) whatever their phenotype regarding the 
Gma, Gmb and Gmx may be. Hence it seems that 
this new factor is independent of these other factors. 
But further research is necessary to disclose a possible 
linkage. Besides testing 399 Negroes from Dakar 
we have found 214 of them to be InV( +), that is 
to say, 53-63 per cent. Among these Negroes, the 
InV factor has been found when the individuals were 
Gm-like( +) as well as Gm-like(—). Therefore it 
looks as if the InV factor is also independent of the 
Gm-like factor described by Stemberg and Giles 
This fact seems to us to be of profound impor- 
tance, since until now the Negroes have appeared to 
possess Gm factors quite different from those of 
Whites. For example, all the Negroes have the 
phenotype : Gm(a b+ x-—)*’. Moreover, the 
Gm-like factor is present only among them. On the 
other hand, the InV factor is found in the Negro sera 
as well as in the White sera. 


C. Ropartz 
J. LENOIR 
L. Rrvat 


Centre Départemental de Transfusion Sanguine, 
Rouen, Seine-Maritime. 
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Delayed Hypersensitivity to Homologous 

y-Globulin in the Guinea Pig 

THE existence in the rabbit of genetically determ 
ined antigenic differences (Callotypes’) among homo 
logous y-globulins has been described by Oudin, who 
succeeded in preparing precipitating antisera against 
them after prolonged immunization with specitie 
immune precipitates in adjuvants'. Considerable 
work has been done in an attempt to define the 
number of distinet serological groups and the mumber 
of genes controlling them in the rabbit®?. The allot ypic 
groups have been reported to be located on fragments 
J and II (as defined by R. R. Porter) of y-globulin 
digested with papain’, 

Previous work on allotypes has been confined to 
the rabbit and to precipitating antibodies, with the 
exception of a statement by Oudin that he was able 
to observe some weak intraspecific precipitin react ions 
in guinea pigs‘. In the present investigation, it is 
shown that guinea pigs, innmmunized with homologous 
y-globulin in adjuvants, will rapidly develop a state 
of delayed hypersensit iv ity to the immunizing 
antigen, in the absence of antibody detectable by 
systemic anaphylaxis. 

The experiments were carried out on white guinea 
pigs weighing 300-450 gm. In each experiment, 
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used which, 


homogeneous. 


from a single breeder were 
although not inbred, were fairly 
y-Globulin was isolated from the several 
coloured adult guinea pigs labelled 4-D. Various 


salt fractionation, 


animals 
sera of 


procedures were used for isolation 
starch electrophoresis, chromatography——to ensure 
that the immune reactions observed could be attri 
buted te the the 


The following antigens were used : 


globulin component ot serum 


-globulin prepared from the serum of a 
Stan 


Preparation I: guinea pig 3 
coloured guinea pig by batch chromatography, by Dr. D. R 
worth, University of Birmingham (unpublished work) 


globulin prepared from the sé 
starch electrophoresis. 


Preparation II: guinea pig 
coloured guinea pig, ), by 


Preparation 111: guinea pig albumin from the same serum as prepara 
tion Il, by starch electrophoresis Preparations II and [IL were 
kindly prepared for these experiments by Dr. E. Franklin, New York 
University. 


Preparation IV: guinea pig y-globulin prepared from mixe i sera of 
eloured guinea pigs B, (, D and EF, by repeated precipitation with 
16 per cent sodium sulphate at room t mperature, 


Preparation \ globulins prepared from sera 
guinea pigs Nos, 17-25 y repeated precipitation with 16 per 
sodium sulphate 


10) ig globulin pr 
pared by heating sera of guinea pigs Nos. 26-35 > C. for 10 min 
and dialvsing against distilled water at pH 6 cipitate being 
spun off and taken up in saline 


Preparation VI (1 


The antigens diluted in isotonic saline were mixed 
with an equal volume of complete Difeo adjuvant 
containing 2 VM. buty m per ml. and emul 
sified The antigens were 
0-2-0-5 ml. The animals reeeived two tmmunizing 
injections of 0-5 mgm. or less of homologous » 
8-9 days apart in the foot pads. The intradermal 
test injections were made in the flanks, in a volume 
of 0-1 ml. The reactions were observed at 2, 4, 6 
and 24 hr. All reactions had the appearance and 
timing characteristic of delayed sensitivity and 


measured 825 mm. in diameter. They were graded 


injected in a volume of 


globulin 


as deseribed elsewhere 

A series of animals were immunized with their own 
isolated + globulin, native or heat denatured, to serve 
as controls (exp. 4). The presence of antibodies was 
investigated by testing for systemic anaphylaxis. 

Irrespective of the method of preparation, imimun 
ization of guinea pigs with homologous y-globulin 
induces a state of delayed sensitivity which can be 
observed 10 days after a single injection, but becomes 
better established after injections, still in the 
absence of the anaphylactic state. No reactions are 
observed with The 
rapidity with can be 
show delayed 
contrasts with the long time required to raise allotypic 
antibodies in the rabbit, and may prov ide a useful 
approach to the study of the genetic control of 
allot ypes. 

Although no attempts were made to investigate 
the number of allotypie groups in guinea pig - 
lins, experiment 3 suggests that there are a number 


two 


autologous y-globulin. ease and 
which guinea 


ity 


made to 


pigs 


to homologous y-globulin 


globu 


of such groups im this species, as there are in the 
rabbit. 

It is not surprising that allotypes, which are weak 
antigens, give rise in the guinea pig primarily to 
delayed sensitivity, sinee in this animal 
delayed sensitivity is an earlier and more sensitive 
response than is the formation 
especially after a weak antigenic 
stimulus® It is possible that in man, having the 
capacity to show easily delayed sensitivity, this twpe 


species 


immune of serum 


antibodies, 


NATURE 


DS7 


REACTIONS IN GUINEA 
GLOBULIN 


SEVERITY OF DELAYED INTRADERMAT 
WITH HOMOLOGOUS OR UTOLOGOUS 


rable |. 

IMMUNIZED 

Albino guinea pigs immunized with 0-2 mgm. hom« 
logous y-globulin, Preparation I 


Experiment 1 


w guinea pigs immunized and boosted (day ¥) 
globulin preparation II. Animals tested 
homologous albumin preparation IIT. 


Experiment 2 
with 0-5 mem. homologous 


wit preparation ilso 


Day Day 27 


en 


50 yam 
Prep. 
albumin) 


50 sam 


Prep. Il 


il guinea pigs were immunized and boosted or 

globulin preparation IV (mixed globulin 
DP and £). They were tested on day 15 with 
ind on day 20 with 1/50 dilution of the four 


» Tigi 
individual sera B 


Anaphylaxis 
2 mm 
Prep. L\ l-ver 


) guinea pigs, Nos. 17-25, were immunized and boosted 
on day 9 with 0-5 mgm. of their own autologous globulin (prepara- 
tion V, 1-9) inimals were tested intradermally on day 21 
with 50 yam. of the same preparatl No positive re actions occurred 

10 guinea pigs were immunized vosted on day ¥ with 0-5 mgm 
f their own ogous heat-d globulin (preparation VI, 
1-10). When t intradermally gm. of the same prepara- 
tion, @ were negative witive (+) delayed reaction, 
suggesting that autologot »ybuli ould become antigenic upon 
fenaturation. More wo i to investigate this possibility. 


Experiment 4 


These 


denatured 
play an important 


of immune to homologous or 


autologous serum proteins may 


reactivity 


art in disease as a consequence of chance immun- 
I j 
ization. 
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RADIOBIOLOGY 


Absorption of Inhaled Radioactive Water 
Vapour 


Tue local function of different regions of the lungs 
ean be studied by the inhalation of various gases 
labelled with oxygen-15. Recently, water vapour has 
been labelled in this way. Oxygen-15 has a half-life 
of 2 min. and is produced by a continuous flow pro- 
cess by bombarding nitrogen with deuterons in the 
Medical Research Council eyclotron in the grounds of 
Hammersmith Hospital. Details of its preparation 
have been published'. The oxygen-15 is available 
in nitrogen containing 3 per cent oxygen as carrier at 
a flow of 0-45 litre per minute. Radioactive water 
vapour was prepared by adding 4 per cent hydrogen 
in nitrogen at a flow of 1] litre per minute and 
passing the resulting mixture over a palladium-type 
catalyst (Catalyst D’; Eaker Platinum Co.). The 
effluent contained 2 per cent of water as a vapour 
and had an activity of about 10 me. per litre. The 
absence of unconverted oxygen was checked with a 
spectrometer. 

Three normal inhaled two breaths of 
1 litre each from a plastic bag connected to a 
respiratory valve box and mouth-piece. The activity 
in the lungs and respiratory tract was detected by 
two pairs of scintillation connected in 
coincidence. Good spatial resolution can be achieved 
with this arrangement, 95 per cent of the counts 
coming from a cylindrical core of tissue 4 em. in 
diameter, between two opposed counters. Random 
coincidences were automatically subtracted. The 
counting methods have been described elsewhere'!. 

When the first breath was taken, the counters 
were arranged over the peripheral lung fields so that 
the clearance-rate at the alveolar level could be 
measured, but we were surprised to find that almost 
no active gas reached the alveoli. 
breaths, the counter-pairs were moved about so that 
the counting fields included the mouth, pharynx, 
trachea and peripheral lung fields. Table 
the counting-rates (corrected for radioactive decay) 
after a typical breath. It can be seen that much of 
the activity was found in the mouth and mid 
trachea, little penetrated to the carina, but virtually 
none could be detected in the peripheral lung field. 


volunteers 


counters 


For subsequent 


1 shows 


Table 1. COUNTING-RATES AFTER A SINGLE INSPIRATION OF RADIO 


ACTIVE WATER VAPOUR 
Site of counting fleld Counting-rate 
(counts/sec.) 


Mouth (A.P.) 170 
Pharynx (lat.) 120 
Upper trachea (lat.) 160 
Mid trachea (lat.) 100 
Mid trachea (A.P.) 110 
Carina (A.P.) 33 
Right lung base (A.P.) 3 


* The opposed counters were either in front of and behind (A.P.), 
or on either side (lat.) of the subject 


The rate of removal of the activity from the mouth 
area after a breath of the gas was measured by fixing 
a pair of counters at that level for 2 min. During this 
period, the counting-rate fell by a half, and since 
this corresponds to the natural decay-rate, the 
removal-rate must be slow compared with this. 

The rapid removal of inhaled radioactive water 
vapour by the upper respiratory tract is readily 
explained by exchange with the water lining the 
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tract, but the efficiency of this process is remarkable. 
The results are in keeping with the observation that 
98-99 per cent of inhaled tritiated water vapour is 
absorbed?, since this high figure could only be achieved 
if the anatomical dead was cleared of the 
labelled gas. In this radioactive water 
vapour is perhaps unique, as other gases undergo 
little exchange in the dead space, hence its name 
The results also fit in with the rapid warming and 
humidification of inspired air in the upper respiratory 
tract which have been described®. 

An interesting feature of the preparation of the 
water vapour was the large loss of activity which 
oceurred when the gas was led through about 10 
metres of 0-5-cm. bore polyviny Ichloride tubing con 
necting the chemistry laboratory with the investiga 
tion room. Under these conditions, the vield was up 
to ten-fold less than when the gas was collected in 
a rubber bladder attached to the end of the catalyst 
tube. This loss of activity can probably be explained 
by exchange with water absorbed on the surface of 
the connecting tube in spite of attempts to remove 
any moisture present by passing dry air through the 
tubing. Water absorption on surfaces is a common 
problem in vacuum technology. 

We wish to thank Dr. P. Hugh-Jones for help. 
and the Director and Staff of the Medical Research 
Council Radiotherapeutie Research Unit for facilities 
The work was supported by the Medical Research 
Council. 
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Effect of Radioprotective Sulphydryl 
Compounds on the Oxygen Tension in 
the Spleen of Mice 


IN a previous paper' the mechanism of the 
radioprotective action of the biologically active 
amines histamine, epinephrine, tryptamine and 


8-phenylethylamine was investigated. In studying 
the effect of these compounds on the oxygen tension 
in the spleen and bone marrow of unanesthetized 
mice strong evidence was obtained that a relation 
exists between the percentage protection against a 
lethal dose of X-rays afforded by these compounds 
and the degree of hypoxia caused in the blood-forming 
organs. Furthermore, it was shown? that cyanide 
also causes hypoxia in the spleen as a consequence 
of vasoconstriction and that this effeet may well 
explain its protective action in mice. 

In the present communication experiments are 
presented on the effect of a number of protective 
sulphydryl compounds on the oxygen tension in the 
spleen and bone marrow of unanwsthetized mice and 
rats. 

The experiments were performed on groups of 
female CBA/Rij mice weighing 18-20 gm. and on 
male WAG rats of 180-200 gm. 
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18-20 GM., AND MALE WA@ Rats, 180-200 GM., CAUSED BY A NUMBER OF PROPHYLACTICS AGAINST RADIATION, NEUTRALIZED SOLUTIONS OF 


ALL COMPOUNDS WERE 


Species Compound No. of 
animals 


mum. cvysteamine 
5 mgm. cystamine® 
7 


+ 


nigm. cysteine 


spleen 
spleen 
spleen os 
femu! 100 mgm. cysteine 
aplecn 200 ah 
femur 200 

femur 300 

humert 300 

spleen 

spleen now 

spleen 600 


10 mgm. cysteamine 
20 


* Manufactured by Labaz, Bruxelles. 


INJECTED INTRAPERITONEALLY IN A VOLUME OF 0°5 ML. 


No. of animals in each specified class 


ne. a.d, 


1 
3 (2 died) 


1 (died) 


1 (died) 


Manufactured by California Foundation for Biochemical Research, Los Angeles. 


t Amino-ethyl-isothiuronium bromide 
? After Li. or Ld. means that this condition was pr 
1 Fairly soon followed by s.d. or i.d. 

? After a considerable time /.7 

* Fairly rapidly thereafter 1.7 

* Followed by a.d 


‘The technique of the polarographic estimation of 
the oxygen tension in the spleen has been described 
elsewhere'. In addition the oxygen tension in the 
bone marrow of the femur in mice and of the femur 
and humerus in rats was estimated by a similar 
method. 

The results were found to vary considerably within 
each experimental group. The different types of 
response obtained after injection of the protective 
compounds were divided so far as possible in five 
classes as follows: n.e., either no effeet or a rise or 
fall not exceeding 10 per cent of the pre-injection 
value; s.7., a slight increase in oxygen tension 
between 10 and 40 per cent; /./., a larger increase 
exceeding 40 per cent ; s.d., a slight decrease between 
10 and 40 per cent ; /.d., a larger decrease exceeding 
40 per cent. 

The results of the experiments are represented in 
Table 1, in which the number of animals belonging to 
each class is indicated for a number of protective 
compounds used in doses which were found to protect 
the animals against a lethal dose of total body 
irradiation with X-rays. In a number of cases the 
classification failed, which is indicated in Table 1. 

Table 1 shows that in contrast to the effect observed 
after both the biologically active amines and potas- 
sium cyanide the effect of the sulphydryl compounds 
is subject to considerable variation. However, for 
most of the compounds studied the oxygen tension 
shows a tendency to rise rather than to fall. Cysteine 
at higher (just sub-lethal) doses only causes a decrease 
in oxygen tension. 

A possible exception is eystamine, to which most of 
the animals react with hypoxia. This is in accordance 
with the view that cystamine, being devoid of a free 
sulphydryl group, acts like a biologically active amine. 
The fact that amino-ethyl/sothiuronium bromide 
behaves like the sulphydryl compounds is consistent 
with the view that it is converted into merecapto- 
ethyl-guanidine‘. 


sent for a short time only to change soon to 8.7, oF 


respectively, 


In summary, these results strongly indicate that 
the protection afforded to mice by the sulphydry! 
compounds is not mediated by hypoxia of the blood- 
forming organs. Therefore their mechanism of action 
differs from that of the biologically active amines and 
cyanide. 

A number of investigators have expressed the view 
that sulphydryl compounds have a protective effect 
other than the production of anoxia. The most recent 
observations are the experiments of Lothe and Devik® 
on the rabbit ear, those of Kohn and Gunter*,’? on 
Escherichia coli, of Grant and Vos* on isolated rat 
thymocytes and of Vergroesen et. al.“ on HeLa cells in 
tissue culture, 
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Changes in Radioresistance of 
fSporulating Cells of Bacillus cereus 
THE spores of bacilli represent a unique form of 
living matter capable of surviving many harmful 
factors of environment and of restoring intense 
metabolic activity under suitable conditions. The 
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study of individual mechanisms of resistance of spores 
was directed mainly to the differences in the content 
of individual constituents of ey toplasm of spores and 
of vegetative cells 

One of the typical differences between vegetative 
Hot 


bacilli 


forms and spores Is the different cystine content. 
trichloracetic precipitate of some 


which have been studied contains about 4-5 


spores of 
times 
as much as this amino-acid as the vegetative cells'* 
On the basis of incorporation of cysteine labelled with 
sulphur-35 and chloride labelled with 
caleium-45 during sporulation of Bacillus cereus on 


caletum 


liquid medium, it was observed that the maximum 
of sulphur BO 2 hr 


earlier than the maximum incorporation of ealeium-45. 


MLCorporarron appears about 
The period of increased incorporation of caleitum-45 
is accompanied by the thermostabilizat ion of structure 
This observation is in accordance with the 
with 
the main factor of 
spores of bacillit-* 

The period of the formation 


of spores’. 
data from 
dipicolinie acid is assumed to be 


literature in which caleium bound 
thermoresistance of 
of evsteine-rich strue 
ture preeede s slightly the formation of the refractile 
structure of A que stion arises whether the 
eystine way to the 
With regard to the possibl 
importance of eystine in radioprotection, the resist 
ance of sporulating cells of Bacillus cereus (NCIB 
8122) to X-rays A liquid 


contesning tryptic casein hydrolysate (0-3 per cent), 


spores, 


structure contributes in 


resistance of spores, 


was examined nedium 
glucose (O-1 per cent) and traces of some ions was 
used for cultivation, free spores having been used as 
imoculum. <A vibration stirrer (100 oscillations /se« 

amplitude | mm.) was used for splitting of chains, 
normally formed in this strain, and for homogeneous 
distribution of the introduced cultivation 
vesse] Practically only pairs of cells were present 
the 
tinually harvested samples of culture diluted with 


air mto 


during stationary phase of cultivation. Con. 
Vi40 phosphate buffer to adequate concentration 
10°) were irradiated by Machlett AFG-50-7 
rontgen tube (50 kV., 40 m.amp., 0-1 mm 


aluminium) in dishes (diam. 23 mm.) equipped with 


ray 


On the basis of inactivation 
curves of vegetative cells and of free spores of this 
strain of Bar the 
sponding to 120 kr. was chosen 


loss of 


electromagnetic stirrers 


llus cereus, radiation dose 

For detection of the 
sporulating cells the 
for 15 min The 
number of surviving forms was determined in either 
cause by 


corTre.- 


thermosensitivity of 
aliquots were heated to 65 c 


plating procedure, non-treated suspension 


being used as control. As a recovery medium 
Difeo nutrient agar was used. The percentage of 


spores was cle termined by direct nucroscopie rva 
and I he 


used for the more or less refrectile arees of ey oplasm 


tion counting term ‘refractile spores’ is 
of the SIZ0 and shape corre sponding to spores, with 
somewhat diffuse rim. Cystine content was determ 
ined in acid hydrolysates of hot trichloracetic pre 
cipitates* by means of Shinohara’s method® using 
phospho-18-tungstic acid. 

The results are 
the 


simultaneously 


They show that 
sporulating cells appears 
with the formation of cystine 
Appearance of closely 
followed by the refractile structure 
The thermostabilization proceeds only after the fully 
refract ile 


given in Fig. 1 
radioresist ance ot 
struc 
tures, racdioresistance 1s 


formation of 


With regard 
to the presence of pairs of cells in the culture, the 
should be rather 


structure has been formed. 


results 


accepted as qualitative 
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Fig. 1 Changes in radioresistancs Vstine content and ther 
sensitivity of sporulating cells ot Baeulus No.of survivin 
pairs of cells; N No. of all pairs present N f lis wit! 
spores | No. of al ls present 
than quantitative. The correlation observed, how 
ever, between appearance of radioresistance and 


formation of eystine structure seems to be im 
portant. 
Practically no cysteine hes been found: only 


hot trichloracetic 
As the presence oft disulphick 


eystine is present in precipitates 
of spores of baer’. 
linkages can be expected im prote;ns of 
of this bond in 
results of 
magnetic X-irradiated pro 
2 the disulphide bond seems to have the 
function of a powerful electron donor. Whenever m 
proteins the knocked out by 
radiation the d to be 


group 


Spores, 
mention should be made of tlhe 
According to 


resonance 


role 
racoproteection. para 
studies of 


teins* 


electron is 
vacancy 


ionizing 
tilled 
by an electron borrowed from a eyvstine The 
formation of mixed disulphides with protein SH 


create ad IS ASSLT 


groups was demonstrated with typical radioprotective 
agents such as cy evsteamine, and the 
radioprotective efficacy of compounds Is 
directly correlated to their ability to form disul 
phides'*. It ean, therefore, be expected that even m 
spores the disulphide groups play a promiment part 


these 


in radioprotection of protems The evstine-rich 
protein structure, being localized in the mtegumental 
fraction of spores*, can serve es a carrer for some 
important enzymes which were observed to be 
attached to the envelopes of spores!®,!* 
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HISTOCHEMISTRY 


Effects of Nitrogen Mustard on the 
Histochemistry of Mouse Lymphocytic 
Leukaemia L 1210 


possibility of (histo 
mor} hhological 


chemotherapy 


THe detecting chemical 
chemical) changes prior to discernible 
changes in following 
the the 
cellular resistance to a given chemotherapeutic avert 
Pron ide the basis of the present work. 

lsotransplants of lvmphatic leukeemia 
(L 1210)' and resistant to S-azaguanine 
developed in the Battelle Memorial Institute by the 
8-azaguanine? in DBA and hybrid 
nice were emploved A total of 80 animals 
exarmmed the course of this work. An 
mil. of diluted peritoneal fluid 
to approximately 100,000 cells was mjected 
intraperitoneally into host survival-time 
was between 8 and 9 days after moculation. Peri- 
toneal fluid was obtained on the Sth day and routine 
films and supravital preparations prepared. Irn 
mediately following ths step the an'mals 
injected with 0-05 mgm. nitrogen mustard in 
-1 ml. of distilled water (an LD50 for a 
mouse)®. At 15 min. and | hr. following injection 
samples of peritoneal tluid were withdrawn from each 
animal and films prepared Each animal served as its 
control, and additional were 
consisting of intraperitoneal injections of O-1 ml. of 


distilled water. 

The following histochemical methods were em- 
ploved: (1) the DDD method for protein-bound 
sulphydryls!; (2) the indoxyl acetate method for 
non-specifie esterase’; and the periodic acid—Schiff 
method for 1,2 glycols. Routine Wright's stained 
films and supravital preparations examined with the 
phase used for morphological 


leukemic cells 


and attempt to determine emergence of 


acute 
sub-lines 


use of 
were 
during 
noculation of O-2 
de 


were 


own controls used 


Mmucroscope  we»re 
evaluation. 

The lymphocytic cells exhibited a strong reaction 
for sulphydryls localized in their cytoplasm, nucleo 
plasm and (Fig. 3). However, very 
occasionally morphologically imtact lymphocytic cells 
were observed in the peritoneal fluid, which exhibited 
appreciably less reactivity for sulphydryls than the 
vast majority of leukemic cells in’ the 
(Fig. 4). In most instances, within 15 min. following 
the injection of nitrogen mustard there was a marked 
reduction in reactive sulphydryls present in all 
leukemic cells (Fig. 5). This change in the sulphydryl 
reactivity before the first morphological 
signs of cellular damage (Figs. 1 and 2), which usually 
appeared between |} and 1} hr. after the administra 
tion of the drug. The sulphydryl reactivity of the 
leukemic cells present in one of the leukzemic sub-lines 


chromatin 


specime»n 


oceurred 


resistant to S-azaguanine appeared less than that 
observed in the leukemic ce Ils in the non-resistant 
strains and other S-azaguanine-resistant sub-lines. 
These cells too revealed a reduction in sulphydryl reac- 
tivity following nitrogen mustard, although the appar 
ent degree of reduction was less than in the non-resis 
tant Esterase activity demonstrable in the 
lymphocytic cells with the indoxvl acetate method 


appeared to increase following the administration of 
mitrogen Increased as compared 
with controls was noted at both the 15-min. and 60- 


mustard. 
pe riods after therapy CGlveogen was not demon- 
strable in the leukemic lymphocytes, although a few 
saliva-resistant periodic acid Schiff-positive granules 
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Fig. 1. Lymphoevtie cells from peritoneal fluid. Non-resistant 
strain of mouse lymphocytic leukwmia 1 1210. Control specimen, 
*hase Contrast microscopy Reduced from 
cells 1 hr. following intraperitoneal injection 
Note cytoplasmic budding. Phase contrast 

Reduced from 000 


Fig. 2. Lymphocytie 
f nitrogen mustard 


Fig. °% Lymphoeytie cells from non-resistant strain of motust 

Ivmphocytic leukemia 1210 Control specimen Note the 

strong sulphydry! reaction of these cells DDD method for 
protein-bound sulphydryl Reduced from 


Fig. 4. Similar to Fig. 3 except the lower cell exhibits a weaker 

sulphydryl coloration than the upper lymphocytic cells or those 

in Fig. 3. DDD method for protein-bound sulphydryl. Reduced 
Irom 


Fig. 5 Lymphoevtie cells 15 min. following intraperitoneal 

injection of nitrogen mustard Note the decrease in sulphydryl 

reactivity as compared with control specimen (Fig. 3). Reduced 
rom 


Periodie acid Schiff 
muyection of 


were in then cytoplasm 
reactivity did not change following 
nitrogen mustard. 

This preliminary study that 
changes do occur and occur quite rapidly im mouse 
leukemia cells of the 11210 strain following nitrogen 
mustard therapy Certain histochemically demon 
strable changes the leukswmiec cells 
following nitrogen before apparent 
morphological alteration. The possibility of nitrogen 
mustard binding to available sulphydryl groups 
present in the leukemic cells*.? seems likely, and may 
be the accounting for the 
sulphydryl reaction given by these cells following 


indicates chemical 


noted in 
and 


were 
mustard 


mechanism decreased 
nitrogen mustard 
distinet sub-lines of leukemia and the possibility of 
histochemically detectable resistant eoll 
populations of non-resistant stramns warrant further 
detailed study. 

We wish to acknowledge the Battelle Memorial 
Institute for providing the animals employed in this 
investigation 
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Steroid-3:-ol-Dehydrogenase Activity in Foetal 
Leydig’s Cells 

THERE is a considerable quantity of evidence 
demonstrating that the feetal testis produces a hor- 
mone responsible, for example, for the freemartin 
effect'. Explantation of foe tal rat testes has shown 
that secretion of the hormone begins when the foetus 
is 15-16 days old* Morphological differentiation of 
the Leydig cells begins during the same period, the 
interstitial spaces being filled by closely packed poly- 


gonal cells containing periodic-ac id-Schiff-positive 


material’ 

Although morphological observations thus favour 
the view that rat's Leydig cells are active and secreting 
from the third intra-uterine week, there is a lack of 
direct evidence for the presence in the testis of steroids 
or other substances leading to androgen formation. 

In the work reported here a histoe ‘hemical method® 
was used for the demonstration of steroid-38-ol- 
dehydrogenase activity in the fo ‘tal interstitial cells 
of the rat This enzyme has been shown to 
play a basic part in the forrnation 
of the non-benzenoid steroid hor 
mones*®: consequently, its activity 
in the ean be taken as an 
indicator of the hormone synthes:s 
im it. 

Fomale rats on heat were 
for 2-4 hr. Feetuses were removed 
at intervals from 15 days after the 
and either the whole 
their abdominal parts 
were rapidly frozen 
25u with a cold micro 


testis. 


testis 


mated 


mating, 
foetuses or 
Fresh sections 
were cut at 
tome and stained with hematoxylin 
and eosin Subsequent sections were 
incubated for the demonstration of 
the dehydrogenase activity. Dehy 

droiscandrost erone ima concentra 
served as the 


meu- 


tion of 0-03 mgm./ml 
substrate and sections were 
bated at 37° C. for j 1 hr. 

A positive dehydrogenase rea - 
tion was obtained in the rat fetal 
testis from the fifteenth day of foetal Fi 
life The the testes 


Fig. 1. Steroid-! 


futal age. 


interstices of 
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Granul wr formazan deposits are visible in the ate rstitial spaces 


2. Testis of a fietus of the eighteenth day. The 
= further differentiated ; 
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could then be identified with reasonable accuracy. In 
groups of cells giving a positive dehydrogenase 
react ion could be observed (Fig. 1). The BOX cords did 
not show any enzyme activity at all. The formazan 
precipitate was finely granular in the round polygonal 
cells of the interstitial spaces, but a diffuse reddish 
diformazan staining of the interstices was also 
constant. 

From the fifteenth day of pregnancy to a few hours 
after birth the histochemical reaction for steroid-33-ol- 
dehydrogenase remained qualitatively similar, but 
quantitative changes could be noticed. The inter 
stitial cells became more numerous and more closely 
packed, and, hence, the positive formazan deposition 
was more pronounced (Fig. 2). Formazan was still 
in the interstitial cells as a granular precipitate, and 
the germinal epithelium remained unstained. No 
certain increase in the intensity of staining of the 
individual Leydig cells towards birth could be 
observed. A positive dehydrogenase reaction occurred 
also in the Leydig cells of testes of killed 
a few hours after birth. There, the sex cords com 
prised a relatively larger portion of the testicle than 
during the foetal life, and the positive interstitial 
cells were correspondingly more separated ; but the 
dehydrogenase activity was otherwise unchanged 
its localization and intensity. 

The present observations give histochemical support 
to earlier findings of hormonal activity of the fotal 
It is of special interest to note ‘tlat the 
steroid-38-ol-dehydrogenase activity was found to 
continue from the fifteenth day to birth without any 
obvious changes in the activity in the 
individual Leydig cells, although the relative volume 
and number much inereased during 
this period. 

It has been proposed' that the different morpho 
logical appearance of pre- and post-natal Leydig cells 
would indicate different modes of secretion before 
and after birth. Our present findings show, however, 
that there is at least one important enzyme catalysing 
the synthesis of steroid hormones common in fetal 
as well as in adult rat testicles. This does not, of 
course, prove that the foetal testicular product was 
identical with the adult testicular hormone’. 


these, 


rats 


testes. 


enzviIne 


of these cells 


fifteenth day of 
the sex cords 


ol-dehydrogenase activity in the testis of a rat foetus 


are unstained. ¢. 127 


more numerous 
interstitial 


Leydig cells are 
the enzyme activity is clearly localized in the 


cells only. (x ¢. 77) 
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for the efficient 
dehydrogenation of partially aromatic 


ring systems’; 
oxidation of allylic alcohols to the 
corresponding «+-unsaturated ketones’; 


conversion of 3-oxo-/\'- and 3-oxo-/\""- 
steroids to the corresponding |-dehydro- 
derivatives’. 
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PATHOLOGY 


Mast Cells and Fibrinolysin 


During the investigation of 
fibrinolytic activity the 
substance was detected in a specimen of a spleen 
This was a case of splenic mastocytosis previously 
reported! in which there were many mast cells and a 
high concentration of histamine and heparin in the 


tor 
fibrinolytic 


human tissues 


presence of a 


splenic tissue. 

We investigated eighteen fresh samples of human 
autopsy for the presence of 
and plasmin-like activity 
using the selective and quantitative methods of 
Astrup, Mullertz? and Albrechtsen’. The fibrinolytic 
measuring the diameter 


spleens obtained at 
plasminogen activator 


activity was recorded by 
in sq. mm. of the products of tissue potassium 
thiocyanate extracts on standard bovine fibrin plates 
(heated and unheated). According to this method, 
the unheated bovine fibrin plates are reactive to both 
plasminogen activators and plasmin-like substances, 
whereas the heated plate reacts only to plasmin. 
It thus becomes possible to distinguish between 
plasminogen activators and plasmin or plasmin-like 
activity. 

Potassium thiocyanate extracts of eighteen samples 
of eighteon different human spleens were assayed for 
fibrinolytic activity. Of the eighteen splenic extracts, 
only four showed activity on heated and 
unheated plates but this activity was never equal to 
or greater than that activity of the mastocytotic 
spleen discussed in the above-mentioned case. Since 
the spleen containing mast had been kept 
frozen for more than # year when tested for fibrinoly 
tie activity, it was felt that further work would 
be necessary to evaluate properly this fibrinolytic 
property. 

It was decided to conduct 
various tissues including mast cell tumours in dogs. 
All the dog tumours had portions removed for patho- 
logical examination. These were examined by 
hematoxylin and eosin stain and special stains for 


some 


cells 


additional studies on 


mast cells such as luna, toluidine blue and Bismarck 
brown. 

All potassium thiocyanate extracts of dog masto 
cytomas reacted on unheated plates. On heated 
plates these extracts possessed little or no activity. 
One of the cases, a mast cell sarcoma, showed more 
tissue activator activity than any other 
examined by us up to date. The tissue activator 


tissue 
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was found in varying amounts in dog tumours which 
contain little or no mast cells. 

A different pattern of fibrinolytic activity emerged 
when carefully weighed samples of mast cell tumour 
tissue were placed on heated and unheated bovine 
All primary samples of mastoeytoma 


fibrin plates*.®. 
It was 


tissue reacted on heated and unheated plates. 
interesting to note that the second and third recur- 
rence of a mast cell sarcoma failed to lyse the heated 
No other tumour, whether it was benign 


fibrin plates. 
These 


or malignant, lysed the heated fibrin plate. 
observations are reported in Table 1. 


Table 1 FIBRIN PLATES 


Type of dog tumour Unheated Heated 
Mast cell sarcoma 
Original 
First recurrence 
Second recurrence 
Third recurrence 
Malignant melanoma 
Mast cell tumour 
Mast cell tumour 
M vosarecoma 
breast fibro adenoma 
Perianal gland adenoma 


neg. 
neg. 
neg. 


In accordance with interpretations of the above 
findings, it appears that these mast cell tumours con 
tain a plasmin-like substance which dissolves both 
heated and unheated plates. 

A study was made of the intracellular distribution 
of the fibrinolytic activity of the mast cell sarcoma 
noted in Table 1. Tissue activator was found in the 
low-speed sediment, the mitochrondrial and micro 
somal fractions. There little or no activity 
associated with the soluble fraction. The microsomes 
contained the greatest concentration of 
activator. significant plasmin-like 
activity was associated with the low-speed sediment 

This work was supported in part by Grant No. 
H4135 from the Division of Research, National 
Institutes of Health. 
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Pyridine Nucleotide Metabolism 
in Heliotrine Poisoning 


Ir has heen claimed! that failure of activity of a 


group of pyridine nucleotide - linked respiratory 
enzymes is an important factor in the acute hepato- 
toxic action of the alkaloid heliotrine, a member of 
the pyrrolizidine (Senecio) group. The respiratory 
effect occurred between 16 and 20 hr. after admin- 
istration of the dose, and reactivation of the non- 
respiring mitochondria was obtained by addition of 
diphosphopyridine nucleotide (DPN) to the ineubation 
medium. 
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Direct estimation of DPN and DPNH in liver 
homogenates of rats injected intraperitoneally with 
320 mgm./kem. body-weight of heliotrine was 
earried out by the aleohol dehydrogenase method?. 
and a progressive fall to one-half of control values 
occurred over the period critical for respiration 
Table 1) The assay method was not sufficiently 


sensitive for reliable determinations of mitochondrial 


DPN, although considerable reduction was obser. ed 


over the same period 


Table 1 MEAN VALUES (4GM./GM, WET WRIGHT) OF LivER Homo 


ENATES OF RATS TREATED WITH HELIOTRINE AT VARIOUS Times 
PRiok TO KILLING COMPARED WITH CONTROLS 
Control Heliotrine-treated 
10 hr, 17 he 24 he 
234 175 


The possibility that heliotrine might reduce the 
capacity of the liver to synthesize pyridine nucleotides 
therefore investigated Initially, the DPN 


pyrophosphorylase activity of isolated nuclei** fron 


Was 


control and heliotrine-treated rat liver was measured®. 


and showed a definite but minor fall (Table 2). 


OMPARATIVE RATES OF DPN SYNTHESIS BY LIVER NUCLEI 


OL AND HELIOTRINE-TREATED RATs DPN/ 10 
NUCLEI) 
Animal 11 hr Lo hr 10 he 
Control 23-1 22-7 
Heliotrine-treated 10-4 17-5 131 
Inasmuch as tro conditions, with optimum 
concentrations of substrate, might not reflect the 


full extent of an in vivo reduction of DPN synthesis. 
the degree of increase of liver DPN after injection of 
determined with eontrol and 
In the strain of Wistar 
myection of 500 nicotinamicdk 

raised liver DPN fold within 


mcotmamide® was 
heliotrine-poisoned animals, 
rats used, an 


kgm. body-wt. 


several 


t hr.. to a limiting value which was maintained for 
nanv hours (Table 3) 

Table OF NI TINAMIDE M BOUY-WRIGHT 
LIVER DPN WET WEIGHT). VALUE IS 4 MEAN oF 
DETERMINATIONS ON TAREE DIFFERENT ANIMALS 

Nicotinamide-treated 
4 her Shr 12 he lS hr 
1.015 a} 


With the animals pretreated with heliotrine, the 


ability to respond to a nicotinamicds Injection Was 
lepressed (Table 4). supporting the results with 
isolated nuclei (Table 2) 

Table 4 MEAN LIVER DPN-LEVELS («GM./GM. WET WEIGHT) 4 H 

AFTER Nii MTINAMIDE INJECTION IN RATS PRETREATED WITH HELIO 
RINE. TIMES REFER TO DURATION OF HELIOTRINE TREATMENT PRI! 


TO KILLING ANIMAL 


Heliotrine-treated 


Isher 20 he 


he 


580) 545 75 


4 her 14 br. 


In further experiments in which heliotrine-treated 
animals were given nicotin 
amide prior to killing, thus maintaining homogenate 
DPN normal values, the 
mitochondria failed to oxidize citrate, oxoglutarate 
and $-hydroxybutyrate unless DPN was added to 
the Warburg flasks. Chelating agents were ineffective. 

Thus, although heliotrine produced a definite 
reduction of DPN synthesis at the 14—24 hr. period, 
this effeet was not great enough to aceount for the 
complete failure of pyridine nucleotide - linked 
respiration observed at this and which still 
occurred even when homogenate DPN values were 
inaimtained above normal levels by administration of 
meotinamide 


repeated myections of 


eoncentrations of above 


time, 
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These observations support the hypothesis that 
failure of cell respiration in heliotrine poisoning ts 
due to inability of the mitochondria to maintain 


effective local DPN-levels at) enzymatically active 


foci, rather than to reduction of pyridine 


nucleotide 


svnthesis 


research 
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ANATOMY 


Properties of Stressed Bone 


DURING the past two vears T have been investigat 


ing experimentally and histologically the relationship 


between stresses upon the skull, especially its sutures, 


masticatory 


caused by and transmitted through the 


apparatus 
The animals used in these 
common South African vervet, Cercopithecus aethiops 


experiments were thi 


stresses applied on the intact heads ot the 


and the 
dlead 
elastic bands stretched around the skull and mandibk 
taken through 


were by means of ordimar\ 


monkeys 


Sections various suture systems 


and the tooth-bearing parts of the jaws were fixed 

in 5 per cent formo-saline and decalcified im nitric 

acid The sections were then treated with several : 

of the conventional staims, including Masson's stain 
The pattern of green, reddish-brown and the 

mixture of these colours was so bizarre that it 

appeared at first to be completely random: but 


repeated mstances of alterations in the colour from 
green to reddish-brown were found to be 


Thev occurred according 


SVstematic 


ally recurring in the bones 
to whether or not stress had been applied to on 
through the bone, in that particular 


transmitted 


region. 
When Masson's stain combination is applied to a 

section of unstressed bone the calcified tissue stains 

If the section passes through an area stressed 


green. 
in the manner stated above the colour of the stressed 


region is found to be reddish-brown 
The regularity of this localized colour change was 
noted and then Nicol’s prism demonstrated that the 


normally green staining bone does not transmit 
light, but that the stressed reddish-brown staining 
bone now transmits light. Clearly a fundamental 
physical change had accompanied this profound 


alteration in staining reaction. 
Lest the stain itself should be responsible for the 


physical change, serial sections of the same specimen 
examined for birefringence. Both unstained 
sections and those stained with hematoxylin and 
eosin (which display no such colour differentiation 
as exhibited by the Masson-stained specimens) are 
found still to demonstrate the birefringence caused 
by the preceding stress. 


were 


4 

Al 
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2 

Control 

a 


February 18, 1961 


4764 


Sections of the neurocranial bones, which have not 
prior to) preparation 


show 


been stressed eXxXperine ntally 
and sometimes an outer 
plate to which attached which 
a reddish-brown staining accompanied by 


Masson's staining, 


muscles are and 
exhibit 
birefringence while the inner table is almost entirely 
green. Where the inner table happens to be reddish 
brown it too is birefringent. 

Similar changes in the birefringence and staining 
been demon- 
This 


retro 


properties of stressed bone hav also 
strated in the long bones of vervet monkeys. 
brought 


mvo If so. 


indicates that the changes about 7” 
probably also occur 


changes in bone must be reversible and perpetually 


there phy sical 


recurring according to the stresses exerted by external 
forces such as those applied experimentally here 
or by forces such as those which are developed durmg 
muscular activity. 

This communication has been prepared to direct 
changes that occur in bone 
These changes may 


attention to some of the 
as a result of beimg stressed. 
have an important bearing on the growth and repair 


of bore 


University of the Witwatersrand and 
Council for Scientific and Industrial Research, 


DREYER 


Johannesburg 


BIOLOGY 


Transfer of Tolerance to Skin Grafts in 
F, Inbred Mice 


(O-EXISTENCE of adult animals im experimental 
parabiosis is followed m due time by ‘immunological 
neutralization’ as revealed in tolerance to reciprocal 
skin Nakic observed in rats of 
different. breeds that even after 5 days of parabiotic 

survived a longer time than in 
Skowron-Cendrzak and Konieezna- 
that the skin homografts of 
‘took’ permanently after 
seven weeks of parabiosis. Rubin* and Martinez et al. 
found parabiotical neutralization in hybrids of two 
united with individuals of 
The 
of separated mice parabionts depends upon the length 
Similarly, it has been 


grafts and Silobreie! 


union homografts 
control animals 

Marezyviiska? reported 
non-related 


white, mice 


inbred mice-straims one 


of the parental breeds. survival-time of grafts 


of time of parabiotic union 
possible to obtain with the help of parabiosis per 


the 
cotnteracts 


manent skin isografts im mice characterized by 
sex-antigen which normally 
successful male skin transplantation to the female®.*. 
The duration of 
neutralization depends upon the degree of antigenic 
differences between the united individuals. It was 
shown that in C5721 inbred mice which only differ 
im sex-antigen, skin grafts from the male to the 
female performed one week before union may already 


strong 


parabiosis necessary to evoke 


‘take’ permanently’. 

The mechanism of neutralization has not vet been 
fully elucidated and can be conditioned by such 
different factors as trauma, enhancement. 
paralysis 
adults. 


and immunological 
The induction of tolerance takes place only 
if the vaseular connexion between the joined 
animals is established, and a constant reciprocal 
exchange of a great quantity of antigens exists. In 
long-term parabiosis between the individuals of two 
inbred strains of mice (CBA,A) in which neutraliza- 
tion lacking, there was never any vascular 
connexion between parabionts (unpublished work) 


UNTESPONSIVEMESS 


was 


NATURE 


The purpose of the work reported here was to 
establish whether the tolerance to male skin isografts 
acquired females during parabiosis can be trans 
mitted to the generation. 

Mice of the mbred CS7B1 strain imported by our 
the Institute of 
served as material 


Department three vears ago from 
Animal Edinburgh, 
Parabiose Were carried out, always uniting females 
with brothers) The 
animals were 4-6 weeks old. One week after the estab 


skin grafts were exchanged 


Cremetics, 


isologous males (sisters with 
lishment of parabioses, 
between the respective members of each parabiotic 
Whole-skin grafts taken from the back measur- 
180°) were kept in 


were 


pair 
ing 2 em. 2 rotated 
place by sutures. All skin 

successful. After 1-10 weeks the parabionts were 
separated and kept in pairs in order to obtain the fF, 


em. and 
isotransplants 


veneration 

Out of thirty-four F 
of 4 weeks, the male brother skin was transplanted, 
in two cases the grafts were accepted permanently. 
These grafts were held until the death of the animals 
(133 and 140 days respectively). In all other 
females (32) the great majority of sur- 
vived significantly longer than in controls (¢ 4-51; 
P 0-01). The end of the = survival-time was 
taken to be when the first signs of incompatibility 
reaction appeared The 
of fifty C57B1 females, 4-6 
the taken 
same age was transplanted. In fourteen 
2-3 first graft, the second -set 
vrafts from the same males were performed. A much 
shorter survival-time of the second-set grafts corrob 
orates the results obtained by Eichwald ef al.* and 
reveals the immunological nature of the graft rejec- 


fermales on which, at the age 


isografts 


control group consisted 
weoks old, on 


male donors of the 


which 


skin from isologous 
females, 


weeks after the 


tion. 
The results of isotransplantation in control as well 
as in experimental mice are shown in Table 1. 


Fable lL. SURVIVAL-TIME SKIN [SOGRAFTS IN STRAT 


Standard 
' deviation 


Experimental First 


In transmission of tolerance to the F’, generation 
the duration of union of parental individuals plays 
no part. evident from the fact that per 
manent acceptance of the male skin grafts 
observed in one of the F’, females of which the parents 
had only been united durmg one week. Similarly, 
the length of time after separation of parabionts 
probably has no influence on the transmission of 
tolerance. The second female, permanently tolerant 
to the male skin graft, belonged to the animals of the 
F, generation, which were born not earlier than 8 
months after the separation of the parabionts. From 
one and the same parental pair and even from only 
one individual of them, females can be born which are 
either completely tolerant, incompletely tolerant 
or which reject male skin within the same period of 


This is 
was 


time as the control animals do. 
At present further experiments are being carried 
out on isografts of the F, and F’, generation in order 
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tolerance 


mechanism of 
mechanism of 


the 
the 


both 
and 


to elucidate 

neutralization 

transmission. 
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Perfect Stages of Fusarium oxysporum 
and of Fusarium solani f. pisi still 
Unknown 
A YEAR ago Buxton! reported the development 
of red, Nectria perithecia after ultra-violet irradiation 
of a culture of Fusarivm f. pist (Linf.) 
Snyd. and Hans. He stated that the fungus causes 
typical wilt of pea, was re-isolated from the reddened 
vascular tracts of wilted plants and that, therefore, 
there could be little doubt but that this homothallic 
Nectria is the perfect stage of that particular wilt 
inducing Fusarium isolate (that is, oxysporum f. 


OLY STH 


ptr). 

Recently, Gordon? has taken issue with Buxton’s 
claim, pointing out quite clearly and correctly that 
Nectria (=Hypomyces) is well known as a perfect 
stage of some clones of F. solani (Mart.) App. and 
Wr. emend. Snyd. and Hans., but that for various 
reasons it would not be expected as a perfect stage 
of F. oxysporum. 

We have examined a culture of Buxton’s fungus, 
containing the Nectria perfect stage, which had been 
deposited with the Commonwealth Mycological 
Institute at Kew. We find that this fungus is a 
typical, homothallie Hypomyces solani Rke. and Berth. 
emend. Snyd. and Hans. (=Nectria haematococca 
Berk. and Br.), as diagnosed by the Commonwealth 
Mycological Institute, and Gordon, and has as its 
imperfect stage Fusarium solani. Repeated single 
spore cultures made by us of both the ascospores 
and conidia from the Buxton culture yielded the 
same, homothallic species. Perithecia developed 
abundantly within two weeks after transfer and 
required only diffuse daylight for their initiation and 
In these respects we are in agreement 
have not found F. 
solani. These two 


maturation. 
with Gordon, and 
oxysporum in the culture, just F’. 
species are very distinetive and readily differentiated 
Over a period of decades during which 
have been studied, no 


likewise we 


in culture. 
these two fungus 
conclusive evidence has been presented, either of 
their common 


species 


overlapping of the species or of 
Hype muces origin. 

Gordon? has expressed the opinion that Buxton 
did not have oxysporum f. pist but rather solani 
f. pist (Jones) Snyd. and Hans., and postulated that 
the perfect stage in Hypomyces Nectria) which 
Buxton reported is that of F. solani f. pisi. Further, 
that since the perfect stage of this pathogen is un 
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known, Buxton’s report represents the first record 
of its occurrence. 

We do not agree with Gordon’s postulation. We 
have run two separate inoculation tests in the green- 
house on two varieties of pea. In these tests three 
fungi were used: Buxton’s isolate, a similar homo- 
thallic Hypomyces solani indirectly obtained from 
the Rothamsted area, England, some ten years ago, 
and a local isolate of F. solani f. pisi, Inoculations 
were made by applying spore suspensions to pea 
seedlings growing in pots of sterilized soil. In both 
tests, run at different times, the plants inoculated 
with Buxton’s fungus, the Rothamsted fungus, and 
the uninoculated controls were completely healthy. 
Neither cortical and stem rot nor vascular 
wilt symptoms were present. Those plants inocu- 
lated with F. solani f. pisi, however, all showed 
typical brown to blackish lesions completely covering 
the two inches of underground hypocotyl of each 
plant. 

Our conclusion is that the H/ypomyces (= Nectria) 
reported by Buxton to be the perfect stage of F. 
pist is not the perfect stage of this 
solani f. pist. 


VoL. 189 


root 


oxysporum 
fungus, nor the perfect stage of F. 
We suggest that this isolate is a homothallic, sapro- 
phytie fungus with an imperfect stage in F. solani, 
In our opinion, therefore, no perfect stage is yet 
known for any clone of F. oxysporum, nor for any 
clone of the pea root and stem rot form, I. solani 
f. pest. 
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Effect of 6-Methoxybenzoxazolinone on 
the Growth of Xanthomonas stewartii 
(Erw. Smith) Dowson and its Presence in 
Sweet Corn (Zea mays var. saccharata 
Bailey) 
was reported 
benzoxazolinone (MBOA) inhibited growth of fungi 


that 6-methoxy- 


PREVIOUSLY! it 


associated with root and stalk rot of field corn. This 
communication reports the inhibitory effeet of 
MBOA on Xanthomonas stewart//, the causal organism 
of bacterial wilt (Stewart's disease), and the presence 
of this compound in the sweet corn plant. 

The effect of various concentrations of MBOA in 
agar (beef extract 3 gm., agar 17 gm., distilled water 
1,000 ml., adjusted to pH 6-0) on the growth of 
X. stewartii after 4 and 8 days is shown in Table I. 
Inhibition of growth occurred at 0-15 mgm. per ml., 


GROWTH OF Yanthomonas stewartii ON AGAR (CHECK) AND 


Table 1. 
ON AGAR CONTAINING MBOA 


Growth 


Concentration of MBOA 
Days after inoculation 
4 x 


(per mil. of agar) 
(mgm.) 


0 (check) 
0-075 
0-15 

0:3 

0-6 


+, maximum growth : , ho growth 
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and the material was bactericidal at 0-6 mgm. 
per mil. 

An ether extract of juice from the roots and stalks 
of two sweet-corn hybrids, prepared by the method 
reported earlier’, significant ly inhibited growth of 
X. stewarti?.. A chemical spot test for the determina 
tion of MBOA, in which diatized sulphanilic acid and 
sodium carbonate mixed with MBOA gives a charac 
teristic reddish filter paper, showed this 
compound to be present in the extract. 

The fact that MBOA inhibits growth of XY. stewart¢ 
and is present in the ether extract of sweet -corn plants 
suggests that this compound is a possible factor in 


resistance to bacterial wilt. 


spot on 


J. WHITNEY 
C. G. 


Research Station, 
Research Branch, 

Canada Department of Agriculture, 
Harrow, Ontario. 
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* Whitney, N. J., 


and Mortimore, C. 
and Mortimore, C. ¢7., 


Nature 1050 


Location of Manganese taken up in Short- 
term Absorption by Oat Roots 


THE (variety Sun II) used in 
reported here were grown on waxed nylon mesh and 
supplied with Hoagland and Arnon’s! culture solution 
modified by the omission of manganese chloride from 
the micronutrients. The roots were cut off below the 
netting when about 3-5 em. long. They were washed 
with distilled water and immersed in a large volume 
of 17/1,000 manganese sulphate solution for 2 hr. 

At the end of this time the excised roots were 
washed with distilled water and stained by a tech- 
nique based on that of Batalin?. The roots were 
treated as follows: 10 per cent aqueous potassium 
hydroxide solution for 5 min., removal of excess 
liquid by blotting, irrigation with 5 per cent p-anisi 
dine solution for 5 min., and finally acidification with 
lilute sulphuric acid to reveal the presence of man- 
ganese by a purple coloration 

This procedure showed that most of the manganese 
was concentrated in the meristematic zone imme- 
diately behind the root cap (dark area in Fig. 1). 
As the dye is water-soluble such preparations are 


oats expernnents 


only temporary. 

To exclude the possibility of an artefact caused by 
differential uptake of the dye, roots similarly pre 
pared were analysed for manganese by the method of 
Cornfield and Pollard®. After absorption of mangan 


NATURE 


Manganese absorbed by 
iplete excis Tips and remainder 
separately 


130 


ese, and washing, the tips (about 2-3 mm.) were cut 
off, and the two portions sucked dry on a sintered 
glass filter, weighed and analysed. Manganese con 
tents (as parts per million of fresh weight) are shown 
in Table 1. 
To test 


root to the meristematic region after more dispersed 


the possibility of translocation within the 


uptake the experiment was repeated, but root tips 
and the remainder of the roots were separated before 
being placed in two portions of 17/1,000 manganese 
sulphate solution. 

These figures are only approximate, since it is not 
possible, with the technique described, to separate 
efficiently the meristematic zone from the rest of the 
root, 

Nevertheless the results show sufficiently clearly 
that: (a) short-term uptake of manganese occurs 
more rapidly in the meristematic region of the oat 
root (4) translocation of manganese occurs within 
the root, since when the tips are separated, their 
uptake is lower, and that of the rest of the root 
higher, than when uptake occurs in the complete 
exeised root 

It is a pleasure to record thanks to Prof. W. W. 
Fletcher and other members of the Botany Depart- 
ment of this College for providing microscopic and 
photographie facilities and other help, and to Dr. 
Ben-Zion Ginsberg (The Hebrew University, Jeru 
salem, now on a visit to the University of Edinburgh) 
for helpful diseussion 
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(revised) (1050) 

* Batalin, A. Kh., Pochvovedenie, 9, 

Fertilizers, 21, 63 (1958). 


Cornfield, A. H 


Exp. Sta. Cire, 347 


124 (1957), quoted in Soils and 


ind Pollard, A. G c ‘ood 107 (1950), 
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Relationship of Radiation, Leaf Area Index 
and Crop Growth-Rate 


SHADING experiments, such as those by Blackman 
and Templeman! on white clover, have shown the 
great reduction in crop growth-rate which occurs when 
light intensity is curtailed. A second factor intluen- 
cing crop growth-rate is the leaf area index. There is 
evidence?.* that the rate of dry matter production by 
a& crop or pasture will increase as the leaf area index 
increases, until a maximum value is 
thereafter as the index increases further, 
dry matter production will decline. This is presumed 
to oecur leaves 
heavily shaded at high leaf area index that their 
photosynthetic contribution is than their 
respiration. 

It is likely that these two inter-relationships, light 
and crop growth-rate, and leaf area index and crop 
growth-rate, may interact, and various workers, 


attained ; 
the rate of 


because the lowermost become so 
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especially Mons: et al.*, have presented theoretical 
views on this subject. 

In the course of competition studies at Adelaide, 
results have been secured on cbis inter-relationship 
between the level of radiation, the leaf area index 
and the rate of dry matter production. An exper! 
ment was conducted to study the influence of shading 
by grass on the growth of an associate clover when 
the roots of the two species were kept separate and 


Each species 


there Was competition only for light. 


was grown in narrow, slot-like soil Compartments ; 
clover swards comprised a number of 
placed together, while mixed swards were made up 
and ‘clover The 


surface of the clovei 


clover slots 


of alternating ‘grass slots slots 
percentage daylight at the 
canopy was determined by the use of a small selenium 
applied to 
a nearby 
cultures of clover the 
full davlight ;: in the 


light mitt 


cell on a probe and this percentage 
the values for total radiation recorded by 
Kipp solarimeten In 
light 
mixed cultures of grass and clover the 
at the surface of the derived 
protile of the lvht 
ntervals 


pure 


intensity was the 
msit\ 
clover was from the 


ntensity (based on readings at 
and a measurement of the 


Frequent 


2 om tical 
mean hemht of the 
harvests permitted calculation of the growth-rate of 


14-day The 


done im the winter pe. riod June 


upper clover leaves 


the clover durimg SsiVe ntervals 


pe rithents Were 
t 1959; the weekly mean temperatures clhiring 
months showed unusually low voriletion 
453 #F 2-7° ¥ 

The results of this that for any 


work indicate 


level of radiation there is an optimum leaf area index, 
at which crop growth-rate will be maximal, and that 
the value of the optimum index increases as radiation 
which 

Varviri 
With a radiation of 50 gm.cal. com 
leat index would be 
vrowth-rate low (0-07 gm 


presented Fig. | im 
drawn for 
ndex 


concepts 
sopleths for crop vrowth rate are 
leaf 
? day the optimum 
and the 
whereas with a 


levels of radiation and ares 


area about 3-5, crop 


dm.? day), 


of 


mat surtace 


lean radiatix 


NEGATIVE 


4 
Mean leaf area index of clover 


In pure stands; @, in mixed stands 


February 18. 1961 


radiation of 150 gm.cal.jem.*;day the optimum leaf 
area index would be about 5, and the crop growth- 
rate relatively high (>0-l gm./dm.?*/day). The 
broken line indicates the rates of production when 
varying levels of radiation are associated with 
optimum values of leaf area index. To the left of 
this broken line, light interception is incomplete ; 
to the right of the line, some of the lower leaves are 
below compensation point 

When shading of the clover by 
the entire clover community was below compensation 
point and negative values for growth-rate were 
recorded. The zero isopleth for crop 
shows the level of radiation needed to keep a clover 
ndlex 


YTASS Was 


growth-rate 


sward of any particular leaf area 
It is suggested that extrapolation of this 


aut 
trom pont 
line to the lowest index values would follow the course 
shown by the dots—that is, it would turn sharply at 
the minimum index required to maintain plants alive 
Phe part of the which the 
vertical and parallel is n which an increase 
in growth 


vraph isopleths are 
the zone 
in radiation would give no further increase 
rate of a sward of any 

The 
relationships with precision but it suge 
nidicate the nature of the tions im | 
swards and presumably also in crops and other plant 


particular leaf area index 
suflic t tablish these 
ect that they 


data are not ent oO es 


interac vaisture 
communities, 
R. STERN 


M. 


Agronomy Department, 
Agricultural Research Inst it 
University of Adelaide. 
E., and Templeman, W. 
inn. Bot., 22 
ind Donald, ¢ 
Monsi, M., and Saeki, T., Ja; 
ind Momnsi, M.. eed 14 
Barrowman, J. N., Rep. R25 
Zealand (1956) 


Waite 


Davids 


Possibility of Fixation of Atmospheric 
Nitrogen by the Rice Plant 
Chakraborty 
might be 
hay © 


\ RECENT conumnunication! by and 
Sen Gupta that rice 
capable of fixing atmospheric nitrogen. We 
made an attempt to confirm their result using the 
variety ‘Lead 35° (a pure material 
derived from British Guiana) of nitro 


suggested plants 


line selection of 
No evidence 
been 

Sen Crupta 


ven-fixation has 

Chakraborty and found that the 
maximum rate of nitrogen-fixation occurred in young 
plants —a gain of 50 per cent of the nitrogen content 
of 7-week-old plants being recorded after a further 
month in nitrogen-free medium. The percentage 
yain in older plants was substantially lower. For 
this reason our experiments have been carried out 
on young plants. 

Rice plants were grown from seed in trays. Each 
tray of 30 seedlings contained 2 1. of nutrient medium 
of the following composition, changed at fortnightly 


intervals : 


MgS0),.7H,0 0°35 gm. 1 
Ca(NO,), 
KH,PO, 0-38 
KNO, 0-85 
Ferric ethylenediamine tetraacetic acid 007 ,, 
H,bO, 1-86 mgm./! 
0-29 
4.0 2-23 
(NH ,)@Mo,0,, 
pu about 4°5 
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The whole apparatus was enclosed in a polythene 
cloche to prevent contamination of plants or medium 
by rain-water, dust and insects. Plants were grown 
for initial in complete then 
removed and their fresh weights determined. Aftet 
distilled water, one batch 


veriod medium, 


washing in three changes of 
was analysed by the micro Kjeldahl method and the 
remainder were returned to the dishes to be grown 

in a nitrogen-deficient 


for a further period, this time 
but 


that used in the first period 


medium similar to 
with the 
constituents. 


omission or substitution of 
At the end of the second period, these 
plants were removed and analysed together with 
their dead which had been 
preserved during the period oft mitrogen 
The assessed by plottime fresh weight at 
the beginning of the 
K jeldahl-nitrogen 


Revression 


leaves, collected and 


starvation 


results were 
period of nitrogen starvation 


avast the content betore and 


after nitrogen starvation lines were 
then ealeulated for rmutrogen conte! on fresh welght 


for each set of plants 

Tm the experiment, OS 
14 analysed after the first three 
veek period of mutrogen starvation 
after the initial 


TH), 


plants were grown 


first 


weeks and 24 


a further three 
The equation for the regression line 
and 


the period ot mitrogen starvatrom [Mu 
ot t hie 


0-G14). Stat omparison 

showed that there differenes 
tween their slopes and that no significant merease 

content ot the second batch had 


to be expected as marked de 


period was 
istical ¢ limes 
Was mo. signiticant 
mitrogen 
This 
ficieney symptoms had become apparent im the plants 
after they had been in the nitrogen deticient medium 
chlorotic and eventually 


ima the 


occurred was 


leaves 
Howe ver, 


shown 


week : 
the tips 

had 
gam m mitrogen 
im which the muitial period Was 


for a 
died 
this 


appare nt 


trom as heavier plants 
tendency towards 


experinent 
second rl 


ecomtemt, 


ment was carried out 
increased to 4) wee ks 
1 after the first pe. riod and 23 after 

starvation The 
The nitrogen contents of the starved plants 


pre dicted 


52 plants were grown, of which 


were analyses 


nitrogen results are shown im 


Fig. 1. 
significant ly would be 
The apparent 
the 
weight of 


than 
lime 


were higher 
from. the 


amounted to 


initial 
plant 


first reyvressiorn 
average 
per unit fresh 


plants had agaim shown sever 


per et ot 
nitrogen content 
material As the 
week of 


deficiency symptoms after a period of one 


nitrogen starvation, it was considered that an alterna 
nitrogen-fixation Was 


tive explanation to that of 
determine the 


likely. An made to 
nitrate content of similar plants to discover whether 
the ordinary 
being used up during 
rendered 


attempt Wiis 


rutrate reserves rot measurable by 
micro-K jeldahl method 

the period of nitrogen 
amenable to determination by the Kjeldahl method, 


the measured nitrogen 


were 

starvation and 
resulting im an merease m 
content of the plant. 

Rice plants were grown as before for an initial 
period of 4 weeks. Analysis of 9 plants by the 
original micro-Kjeldahl method gave nitrogen con- 
tents comparable with previous results. Six plants 
from the same batch were dried at 105 C., extracted 
for 1 hr. with boiling water, and the extract distilled 
using magnesium oxide and Devarda’s alloy for the 
determination of ammonium nitrogen. The content 
of nitrate nitrogen was found to be 17°5 per cent 
of the total nitrogen content of the plant. This 


figure is in agreement with the apparent gain in the 
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ntent (mgm.) 


f plants 4) 
starvation 
nitrate in 


nt medium 


found that thy 
for example, 


previous experiment We have 
nitrate content of older plants ts less : 
week-old plants contained 10-7 per cent of then 
Reliance om ordinary Kjeldahl 


result im 


nitrogen wus mitrate 
determimat roms would therefore 
older 
content of 


high 


under 


mitrogenmn 


an apparent decrease im “fixation m plants 


have also found that the 
Is abnormally 


But we nitrate 
hydroponics 


with 


plants grown 


rice plants 


¢ the same analytical method, 


vhen compared 
natural conditions : usin 
measurable quantities of mitrate nitrogen could not 
be detected m rice plants yrow ing under field con 
ditions, even when plants were sampled at day break 
from plots which had received heavy dressings of 
nitrogenous fertilizer. 

Fitteen of the 4-week-old plants were also trans 
ferred to the nitrogen-deficrent medium from which 
they afterwards and 
their determined 
shown in the Fig. 1. 
nitrogen deficiency were apparent after 7 days. At 
this stage the nitrate reserves of the plants wer 
almost exhausted. 

The results demonstrate that caution 1s Necessary 
when applying the ordinary Kjeldahl methods to 
plants grown in hydroponics because of the unex 
pectedly high nitrate contents which may be found 


intervals 
The 


Severe symptoms of 


were removed at 


content results are 


imset to 


in such plants. 

This communication 1s published with the per- 
mission of the Director of Agriculture, Sierra Leone 
R. Hart 
ROBERTS 


M. G. 


West African Rice Research Station, 
Rokupr, 
Sierra Leone. 


1 Chakraborty, 8S. P., and Sen Gupta, P., Nature, 184, 2035 


(1960). 
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ENTOMOLOGY 


Enzymic Glucoside Synthesis in Locusts 


INSECTS are known to convert foreign phe nols to 


occurring gluco les 


In other ol 


and a few normally 
have been identified 
the for 


comes from uridine diphosphate sugar derivatives 


glucosides', 


im imsects* wan 


sigar analogous ulycoside syntl is 
appears to funetion in insects 
(UDPG) of 
glucose trehalose® and arbutin® 
formation We have investigated the distri- 
bution and extent of this mechanism and the speci 


ficitv of its need for UDPG in the locust, NSchéstocerca 


and a similar process 


the uridine diphosphate glucose which 
the for 


mow 


prov ides 


greqaria 
The aglycone used as 


aly cosides 


substrate was 


umbelliferone, which forms fluorescent 
which may be hydrolysed by snail gastric enzyme or 
acid to the highly fluorescent phenol 
reaction mixtures were chromatographed on 
Whatman 


to separate the glucoside (2 0-6) from unchanged 
The glucoside zone, located by 


Samples of 
No. 4 
paper in 2-butanone 2 NV ammonia (1: 1, 
v/s 
aglycone (Rp 0-8) 
examination under ultra-violet light, was eluted with 
N hydrochloric acid and estimated by measurement 
of fluorescence at 410 when activated at 
320 mu in an Amineco-Bowman spectrophotofluori 
meter 

When separate tissues of fifth instar hoppers or 
adult locusts were examined, little conjugating activity 
was found in organs other than the fat body (Table 1). 


its meu 


Measurements were also made of the conjugating 
capacity of whole locust carcasses after removal of the 
gut and Malpighian obtained on 
different oceasions varied widely in their capacity 
but rates of formation of glucoside up to 250 ugm 

hr found. For these experiments the 
carcasses were suspended in 5 ml. of saline? containing 
Od ml. of methvlumbelliferone and 0-1 ml 
removed periodically for analysis The 
concentration of glucoside increased linearly with 
time for at least 2 hr. and no difference in rate 
observed with air or oxygen in the gaseous phase 
The saline 0-8 per 
(w/v) of glucose but omission of the sugar or replace 


tubes, Locusts 


locust were 


aliquot 
was 


solution used contained cent 


ment with equimolar amounts of trehalose or sucrose 
made no significant difference in the rate of glucoside 
synthesis 


Table 1, DISTRIBUTION OF GLUCOSIDE-FORMING ACTIVITY IN LocusTS 


Methylumbelliferone 
njugated with glucose 


gin locust 


Washed foreguts 
Washed gastr ceca 
Washed mid- and hind 
Mal ighian tubules 
Fat bodies 

Flight muscles 
Hwmolymph 


guts 


Each tube containe ] gm. 4-methvlumbelliferone dissolve 
0-2 mil. grasshopper saline (ref. 7) at 7 and the tissues 
Sth instar hoppers. Tubes were incubated at 37° for 1 br. in : 


When fat bodies were homogenized for 5-10 see. in 


a glass Potter homogenizer, the conjugating activity 


be 
the 


this could 


of UDPG 


low levels but 


addition 


was reduced to very 
restored to normal by 
medium (Table 2). 


to 


169 


VOL 


February 18, 1961 


UDPG 
LocUST 


ON MeETruyl 
Fat Bopy 


OF HOMOGENIZATION AND 
GLUCOSIDE SYNTHESIS IN 


Table 2 
UMBELLIFERONE 


Rate of glucoside 
formation 


Experiment 


fat bodies/ml.) 10-4 
ifter homogenizing 
ifter homogenizing 
DPU mgm./ml 


Fat body suspension ( 
Fat body suspension 
Fat body suspension 


and addition of | 12-9 


Fat bodies were suspended by shaking in saline and 1 ml. suspension 
xperiment |. The rest of th mogenized 
genate used for experimet 2 and 
vided to each tube to g concentration of 


SUS 


Homogenized fat bodies were centrifuged at 500 
1,000 r.p.m. and the aqueous laver used as enzyme in 
determination of optimum substrate concentration 
and pH. The reaction showed a broad pH maximum 
at 7-8 and at this pH and with a methylumbelli 
ferone concentration of 0-5 ml. the maximum 
rate of reaction was found with | ot 
UDP. 

Uridine diphosphate N-acetylglucosamine, which 
may be involved in chitin formation, was substituted 
for UDPG in similar experiments but no evidence 
was found of any glucosamunide formation. Similarly. 
UDPGA (uridine diphosphate glucuronic acid), which 
is used in analogous vertebrate detoxication reactions. 
gave no glucuronide when incubated with methy! 
umbelliferone and intact or homogenized 
carcasses or fat bodies. In experiments where 0-1-1-0 
equivalents of UDPGA were added to reaction 
mixtures containing the optimum concentration of 
UDPG, no inhibition of glucoside formation was 
observed. 

This work was supported by 
Anti-Locust Research Centre. 


mgm./ml. 


locust 
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Dieldrin in Locusts 


widely used as insecticides, 


Fate of Aldrin and 


ALpRIN and dieldrin are 
and dieldrin has been employed against locust hopper 
bands in the field. Aldrin is known to be epoxidized 
to dieldrin in insee*s'.*, in vertebrates®, 
on plants® ; but in many cases analytical difficulties 
have left the extent of the change not clear. The 
availability of aldrin and dieldrin labelled with 
chlorine-36 has now allowed us to examine quant 
itatively the metabolism and excretion of aldrin 
and dieldrin in Schistocerca qreqaria. 

Fifth instar hoppers were injected abdominally 
with an olive oil solution of the insecticides (2 ugm. 
5 ul.; about 100 ¢.p.m.) and kept at room tempera- 
ture. Any insects surviving after seven days were 
added to the dead, which had been preserved under 


in soils* and 
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Table 1. EXCRETION OF 


Percentage 


Material used aldrin dieldrin 


Pereentage 


lose exereted 


Aldrin 1 


Dieldrin 1 


was injected in oliv 


ALDRIN AND DIELDRIN BY 


of chlorine 


oil solution and surv 
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LOCUSTS 


Peres 
ildrin 


36 in bodies as 
water-soluble 
materia 


in exereta as 
water-soluble 
material® 


ntage of chlorine-36 
dieldrin 


44 


ving insects killed after 7 day 


* Not chloride, 


batch of locusts were 
collected at the end of seven days and similarly 
preserved under ethanol. Dosing of batches of 
locusts was repeated weekly until a total of 40,000 
e.p.m. had been imjected 


ethanol Exereta from each 


Exereta or bodies were homogenized in the Atomix 
blender with ethanol and filtered. The residue 
then extracted in with acetone, 2 NV ammonia 
and O-1 N hydrochloric acid and the pooled filtrates 
concentrated im vacuo and counted as ‘infinitely thin’ 
layers on aluminium planchettes with a thin end- 
window The 


the 


Was 
turn 


counter 
until all 


extraction procedure was 


repeate d been 
recovered 

The residue left on concentration of the 
extracts was partitioned between water and benzene, 
and any water-soluble material removed and counted 
after concentration. Aliquots of the benzene solu- 
tion were taken for dilution analysis with aldrin or 
dieldrin. 

Aldrin was re-isolated from the mixture and crystal- 
lized to constant specific activity. Its radioactive 
purity was checked by conversion to the 2,4-dinitro- 
benzene sulphenyvl derivative, m.p. 264°, with the 
same equivalent specific activity. Dieldrin 
re-isolated, and its radioactive purity confirmed by 
conversion to the antimony chloride complex, which 
had the same equivalent specific activity. 

This derivative was prepared by mixing equivalent 
amounts of dieldrin and antimony trichloride in hot 
-hexane solution, from which the complex crystallized 
on cooling. It formed colourless needles from hexane, 
m.p. 122°, but decomposed in polar solvents. Found : 
Sb 19-6, Cl 17-5, C,,H,C1,O.SbCI, ; required 
Sb 20-0, Cl’ 17-5 per cent. Antimony tribromide 
formed a similar complex, m.p. 131°. Found : 
Sb 16-4, Br 32-7, C,,H,CI,O.SbBr,; required 
Sb 16-4, Br” 32-3. Endrin also formed similar com- 
plexes but aldrin and isodrin gave no derivative under 
these conditions. 

Aldrin and dieldrin were only slowly excreted by 
locusts (Table 1) and the rate of oxidation of aldrin 
(Table 2) was considerably lower than has been 
reported for flies (about 0-1 ugm./hr./fly) under 
similar conditions'. A small amount of water-soluble 
material was found in excreta but could not be 
detected in the bodies in spite of the much larger 
of radioactive material there. This was 
shown not to be chloride by dilution analysis and is 
being further investigated. 

Dieldrin itself was not further metabolized and was 
slowly excreted unchanged. 

Repeated sub-lethal doses of dieldrin, in contrast to 
di-nitro-o-cresol*, should therefore act cumulatively 
in locusts as has been found with flies’. 

We are grateful to Prof. R. T. Williams for a gift 
of the radioactive insecticides used in this work. 


injected activity had 


pasty 


amounts 


Table 2. OXIDATION OF ALDRIN TO DIELDRIN IN LocuUsTs 


Dieldrin 
forme 


(pere 


| Rate of oxidation 


entage | 


Time after 
dosing (hr (gum./dieldrin 


locust/hr.) 


OOS 


rth instar locusts were injeeted with aldrin in olive oil 

12 analvsed for dieldrin at intervals Insects dying at 
were pooled and analysed for dieldrin. No food was given 
were negligible 


und groups 
any time 
ind excreta 


The work was supported by grants from the Anti 
Locust Research Centre. 

J. COHEN 

N. SMITH 


Depart ment of Biochemistry, 
St. Mary’s Hospital Medical Sehool, 
London, W.2. 
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BACTERIOLOGY 


Lipolytic Activity of Some Anaerobic 
Bacteria 

THe use of the water-soluble 
detection of lipolytic activity by micro-organisms 
has already been described by me'. This technique 
has now been adapted to detect lipolytic activity of 
anaecrobie bacteria. The best 
by using the medium ‘lV F" of Prévot with the addition 
of “Tween 20°. ‘40°, ‘60°, or ‘80° (polyoxyethylene 
sorbitan mono-laurate, mono-palmitate, mono-steur 
ate and mono-oleate respectively) in a final concentra 
tion of 7 10-° M plus 0-01 per cent (w/v) caleium 
chloride. After incubation at 37° C. the “Tween’ 
cultures were examined for the presence of opaque 
haloes, due to the formation of conspicuous precipi- 
tates of calcium laurate, palmitate, stearate or 
oleate around the zones of growth. The test was 
made either in tubes (8 mim. 180 mm.) following 
the classical techniques for growing anaerobic bacteria, 


‘Tw eens’ for easy 


results were obtained 
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» SIERRA METHODS 


Table 1 COMPARISON OF THE LIPOLYTIC ACTIVITY OF SOME ANAEROBIC BACTERIA AS SHOWN BY THE ELJKMAN ANI 
The flwures in brackets indicate the number of days after which a positive result could be observed. Cultures containing no lipoivtic bacteria 
were observed during a month 


Eijkman test Sierra test 
Culture tested Origin (ox tallow) 
1 Tween 20" Tween 40° Tween 60 “Tween 80’ 
(1. hiatoluticum 1 f 
hiatolyticum 2 
sitifermentans i 
C1. fallans é 
Cl. butyricum c,d 
Cl, butyricum c.d 
Cl. botulinum A, 3805 r (4) (4) ‘4 (4) (4) 
botulinum (4) (s) (s (s) 
(1, botolinum 33 (s) (s) (Ss) 
Cl. ovede mations / (10) 10) (10) (10) 10) 
Cl, botulinum A. 7045 h (4) (4) (4) (4) 
botulinum h (s) (Ss) (s) 
(7. botulinum 9633 (s) s) 
cl perfringes A d (Ss) (Ss) (s) 
Cl. welchii A a (10) clo (10) 
Cl. welchii B. 6121 a (10) (1) 
Cl. botulinum C. 6060 hb (s) 10) 
(l. agni ¢ var. paludi d (10) (30) 
Cl. agni var. wilsdoni d (10) 
(1. botulinum B. 21 (4) (4) (4) (4) 
‘ sordel 10) (10) (10) 
anaerohius (30) (30) $0) 
Corunchact im liquefa , P (30) 
(lu a (30) (10) 
cl i (iu 10 
d (30) 
cl d 
1, National Collection of Type Cultures, Central Public Health Laboratory, London; 6, Central Hygiene Institute, Ankara: c, Pasteur 
Imstitate, Lill d, Pasteur Institute, Paris: ¢, Welleome Research Laboratories, Langley Court, Kent; /, [bys Institute, Madrid 
or on plates in Brewer's jars. Simultaneously, In more recent years, Francis! and Lominski, Cameron 
lipolytic activity was tested by the Fijkman? method and Roberts? have described the experimental mfec 
: using the Prévot medium. tion of white mice ; Ford®, however, failed to demon- 
Table 1 shows that, of the twenty-eight strains strate intestinal lesions in the latter species and | 
tested, twenty-two had lipolytic activity. Although have obtained intestinal lesions in only a mimority of 
four of the lipolytic species did not exhibit any inoculated Swiss white mice (unpublished work). It 


specificity, hydrolysing all four ‘Tweens’, eleven was decided to compare the susceptibility of two 
strains were able to hydrolyse only two or three of further strains of mice with that of the Swiss white 
the four “Tweems’ tested. Four strains show a higher — strain. 

substrate specificity hydrolysing only one of the four Equal mumbers of (.57 black mice, CBA brindle 
‘Tweens Another striking feature of the “Tween mice (the foundation mice of both these stocks were 
test is its greater sensitivity than the Kijkman test. obtained from the Medical Research Council Radio- 
non-lipolytic on the Kijk biological Unit, Harwell, by courtesy of Dr. M. F 
Lyon) and Swiss white mice (from stock maintained 
inoculated 


Seven strains which were 
inan plates were able to hydrolyse “Tweens’. 
These results may indicate that we are dealing at this Station for several years) were 


with adaptive lipases which, however, cannot be intraperitoneally with 2 mgm. of moist VW. johnet im hs 
detected with the Eijkman test (ef. ref. 1). Further suspension in saline; this strain of W. johner was 


investigations are being made to elucidate the originally isolated from a case of the disease im a cow 
specificity and mechanism of adaptation of — these and was cultured on Tavlor’s mediim'. 

Three months after infection, 15 mice of each stram 
were killed, and M. johne? infection of the imtes 
tines Was detected. by histological methods, mm two 
of the C.57 mice and one of the Swiss white 


enzVines 
(i. STERRA 


Six months after infection, six mice of each strain 
were killed : intestinal infection was detected in all 


six of the C.57 mice and in three of the white mice, 
but not in the CBA mice. 


Departn ent of Microbiolog, 
and 
Department of Biochemistry, 


Jaime Ferran Institute of Mierobiology. 


Madrid 

Nine months after infection, six mice of each stram a 

Sierra, G.. Ant in Leeuwenhoek, 23 19 were killed. The small intestines of all six of the Ks 
Fijkman, €., Col. Bakt., Abt. I. Orig.. 29. 841 (1901 (57 mice were visibly enlarged, due to thickening 


of the mucosa: histological and smear examinations 
of the intestines confirmed the presence of M. johne: 
in the six C.57 mice and in one of the six white mice, 


Greater Susceptibility to Mycobacterium Base 
with CBA and Swiss White Mice were killed: the intestines of all six C.57 mice. 
Researcu on Johne's disease, a fatal enteritis of | and two of the six white mice, were visibly thickened. 
cattle and shee due to mifection with V ycohacts ream M. johnei infeetion ot the intestines was detected 
johnei, has long been hampered by the lack of a in the six C.57 mice, in one white mouse and in one 
suitable laboratory animal as an experimental host CBA mouse. 


] 
a 
, 
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These results indicate that the three strams of mice 
differ in their susceptibility to intestinal infection 
with M. johnei. The susceptibility of the C.57 
black mice was markedly higher than that of the other 
strains. 

\ full report of this experiment will be published 
elsewhere. Further experiments are im progress to 
ascertain the suitability of the ¢ '57 black mouse as a 
laboratory animal for work on Johne's disease. 

R. L. CHANDLER 

Agricultural Research ouncil 

Field Station, 
Compton, 
Berkshire 


Path., 53, 140 (1943) 
und Roberts, G. B.S 


Francis, J., J. 
Lominski, 

1, 211 
363 (1957) 


647 (1950) 


. Path. Bact., 7, 
Path. Bact., 62 


Ford, E 
‘ Taylor 


The Host-Range of a Streptomyces 
aureofaciens Actinophage 

\ VIRULENT actinophage destructive to 
faciens eultures and chlortetracyveline (the trade mark 
chlortetra 


aureo 


of American Cyanamid Company for 
is ‘Aureomvein’) fermentations had prey iousls 
reported?!. Limited 
range obtained at that time showed that it was a@ mono- 
Since other act inophages have been 


eveline 
been data regarding its host 
valent phage 
noted to be either pols valent or monovalent’, further 
tests have been made with the S. aureofacrens phage 
to establish more clearly the nature of Its host -range 
presented im this communieation 
this phage is species-specihte for S 


Evidence 1s 
confirming that 


Tests to to ss 


susceptibility aureo 


faciens phage were made by spreading Streptomyces 
spore Susp nmsions over the surface of corn steep ayar. 
resulting in confluent growth surfaces within 24-36 
hr. When the spore suspensions had dried, the seeded 
surtaces were spotted with drops (O-O1-0-02 ml.) of 
phage suspension using two concentrations in broth, 
3 10% and 3 10° phage particles per ml 
consisted of broth and water drops spotted on the 
seeded Observations for the 
plaques were made after 1, 2, and 4-5 
in the case 


Controls 


presence of 
days All 
ofa 


surfaces 


tests were made at least in duplicate ; 
doubtful reaction, tests were repeated. 
Representatives of forty diverse named species of 
Streptom other than S. aureolaci« ner, selected to 
remus 


and series of the 


showed no reaction to 


st sections 
as set up by Pridham et al.’, 
the phage. Tests were made with 3-5 strains each of 
griseus, S. antibioticus, 


lavendulae, S. fradiae, 


hyqroscopicus, Ss. PUP PUrascens, 
tanashiensis and S erythreus 


30 additional 


imosus, 
alhogi sealus, S. 
with one stram 
heing made wherever possible of authent 


and 
each of species, Tse 
strains 


from type eulture colleetions 
determined to be S 


Twenty-five soil isolates 
anreotaciens on the basis of morphological, eultural 
and physiological characteristics were also used in 
this work. Eighteen of these isolates were suse ptible 


as indicated by 


to the 


than reduced platimg 


others. 
The seven resistant isolates gave indica 


loas 
efhierenes 
that their resistance was connected with the 
in then 


tons 
of homologous temperate phage(s) 
definitely known whether these 
Results with 


prese ree 
eultures It is not 


eultures are lysogenre or carry phage 
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STKAINS TO 


Streptomyces Qui 


aureofaciens PHAGE 


Fable 1 RESPONSE OF 


Phage reaction 


designations of the first 20 strains are those of the Lederle 
on 
+ Phave susceptibility (as indicated by plating efficiency) 

intermediate low very low (a few 


none (no plaques observed). 


SN. aureolaci 
Table 1 
The possible 


as a criterion for species differentiation in the genus 


ens group of isolates are recorded in 
utility. of actinophage susceptibilits 


Streptomyces has been the subject of much discusston 
among investigators concerned with the taxonomy 
of this group. It seems to be generally agreed that 
polyvalent phages would be difficult to utilize because 
relationships, but that species 
definite 
2.4 Sus 


of their complex host 


specific, monovalent phages would have 
applicability, im conjunction with other 
features characterizing Sfreplomyces: species 
ceptibility of newly isolated Streptomyces eultures to 
such a species speci phage would remtorce othe 
results on their close relationship to the phages 
host species Lack of susceptibility, however, would 
not exelude an isolate from being allied with the host 
species, us species susceptible to phages are generally 
resistant to the same 


known to strams 


COM 
phages 

In the light of this evidence that the subjeet S 
act inophage is Species specie, if was 


from a taxononmuc ot 
three 
psam 


Although 


who 


extremely mteresting 
investigation to include 


NS. viridifaciens®, S. 


view to extend this 


controve rsvial organisms, 


proticus US, feoface ne)? and sayamaenses” 


deseribed as separate mew by those 
isolated thei, these 
cultural and physiological properties which raise 
as to their distinction from S. 
results obtained, all three proving to 


monovalent S. 


Species 
have morphological. 
serious doubts 
The 
be susceptible to the \v irulent, 
fIiciens phage, add support to the contention that 
these three species should be reduced to synonomys 


with auvreofaciens 
WEINDLING 
DD. TRESNER 
KE. J. Backus 


Chemical Production Section and Biochemical 
Research Section, 
Le der le Laborator 
American Cyanamid Company, 
Pearl River, 
Ne Ww York 
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Russian 
Pridham 
‘Kutzner 
(1959) 

( and Ingalsbe, ¢ 
Gourevitch ind Lein. J.. 
West German P 


crobial., 28, 451 (1950) (A.L.B.S. translation fret 
robiologiva, 28, 421 (1959).) 
et al Vicrohiol., 6. 52 
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GENETICS 


Morphological Separation of Cytological 
Races in Ranunculus ficaria L. 


THe presence of axillary tubercles (‘bulbils’) in 
the various races of Ranunculus ficaria L. sensu lato 
is still a matter of some debate. So far as British 
material is concerned, previous workers have shown 
that all tubercle-bearing plants investigated cyto- 
logically have been tetraploid, with 2n 32, while 
non-tubercle-bearing plants have been diploid (2 
16). Marsden-Jones' proposed separating the tubercle- 
bearing plants as var. bulbifera, as opposed to ty pical 
non-tuberele-bearing plants which were later ce 
scribed by Clapham? as var. fertilis. The two races 
were later raised to sub-specific rank by Lawalrée* 
Other differences between the two races given by 
number and relative width of 
the petals, and number, 
proportion of viable pollen and \ iable seed set. This 
of variation in stamens and carpels is such, 


Marsden-Jones were : 


range im stamen carpel 
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In Table 1 details are given of the floral characters 
and cytological status of a selection of the populations 
studied in north Wales and Cheshire. Measurements 
were made of samples of 100 plants in each popula- 
tion. The following points may be noted. 

Petal range. Although the mean petal number has 
usually been found to differ between diploid and 
tetraploid populations, the position of the mean is not 
correlated overall with the level of ploidy (for example, 
Nos. 5906, 5915 im Table 1): similarly, although 
there appears to be a difference in petal range this is 
not constant and in any event the overlap between 
the two makes it an unreliable character. 

Petal type. Two types of petal are commonly 
recognized : broad and overlapping in the diploid 
and narrow. not overlapping, in the tetraploid. In 
found an intermediate to occur so 
recognize 


we have 
that it became 

This mtermediate type has been found 
Apart from this, the broad-type petal 
narrow in 


pract ice 
frequently 
third type. 
in both races. 
has been found in tetraploids and the 
diploids, contrary to what is normally stated (Nos. 


necessary to 


however, that they do not form useful characters 5906, 6001). Consequently, no reliance can be placed 
for taxonomic separation. on petal type as a diagnostic character. 
Table 1 
Character 
Axil Chromosome 
Referenes lary tubercles No. of stamens | No. of carpels No. of petals Petal type number Habitat 

No or n 

19-37 2-31 8(-10) Hedgerow 

1 16 Hedgerow 

24-45 26-45 = s Roadside 

12 16 Woodland, riversice 

VOTE 20) 2 16 Riverside 

17-40 a(-10) 2 Woodland 

2 7-8 3 16 Woodland 

>) 39 1 i6 Woodland 

is presence or absence of axillary tubercles. Petal type . broad, overlapping; 2, intermediate narrow, not overlapping 


Presence or absence of bulbils has always been 
considered «a distinguishing character for the two 
races. However, it has not always been realized 
that the tubercles are only produced towards the end 
of the flowering season and this in itself has caused 
some confusion: presence of tubercles is a positive 
character while absence may imply true absence or 


simply young material which will later develop 
tubereles. Almost equal reliance has been placed on 
the suggested floral differences for taxonomic dis- 


tinction, notably petal number and degree of overlap, 
particularly the tubercles. These 
differences have been widely accepted and never, as 


absence of 


far as we are aware, disputed. 

Field and laboratory studies on local populations 
in north Wales and Cheshire during the past few 
vears have pointed to the unreliability of these floral 
means of distinguishing the two 
cytological races. In some populations the characters 
viven by Marsden-Jones hold but it is not 
uncommon to find them completely reversed in other 
populations. This is specially true of the petal 
characters. Thus while it is possible to separate 
populations in the same locality into morphologically 
different types, agreeing with the diploid and tetra 
Marsden-Jones, actual 


characters as a 


good 


ploid races suggested by 
evtological investigation has shown that some appar 
ent tetraploids have proved to be diploids and vice 


versa 


The conclusions that may be drawn from the above 
data are that in the absence of axillary tubercles, 
in young material, petal type is not a reliable cyto- 
logical marker since it is not constantly correlated 
with level of ploidy. Furthermore, it is not entirely 
certain that the association of with the 
tetraploid is always constant, would 
generally appear to hold good. 
to separate the diploids and tetraploids by other 
characters associated with the frequency and position 
of the flower buds in the inflorescence, but in any 
event it is quite clear that the recognition of the 
different cytological races by morphological charac- 


tubercles 
although it 
It may be possible 


ters is by no means so simple as is usually believed, 
if indeed it is consistently possible at all. It should 
be emphasized that these studies have been made on 
populations from: only a small part of the range of 
the species and they are being extended to other 
Details of the present and other investigations 
published separately. 


areas. 
will be 
V. H. Heywoop 
Department of Botany, 
s. WALKER 


Sub-Department of Genetics, 
Univ ersity of Liverpool. 


‘ Marsden-Jones, E. M., J. Linn. Soc. ( Lond.) ( Bot.) 50, 40 (1935) 
Clapham, A. R., in Clapham, A. R., Tutin, T. G., and Warburg 
E. F., “Flora of the British Isles", 101 (Cambridge, 1952) 


Flore Générale de Belgique’, 2 (1), 59 (1955) 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, February 20 


UNIVERSITY OF LONDON (at the Institute of Education, Malet 
Street, London, W.C.1), at 5.15 p.m.—Prof. J. W. Tibble: “The 
Training College and Higher Education.’’* 

SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GRovP (at 14 Belgrave 
Square, London, S.W.1). at 5.30 p.m.—Prof. T. A. Bennet-Clark, 

R.S Experimental Design in Pesticide Research” 

UNIVERSITY OF LONDON (at the London School of Hygiene and 

Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 
5.30 p.m.—Dr. H. B. G. Robinson (Kansas City) Some Effects of 
reing on the Oral Structures” 
INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR ENERGY GROUP 
(at 1 Birdcage Walk, Westminster, London, 5.W.1), at 6 p.m Dis- 
cussion on “The Influence of Availability of Enrichment upon Reactor 
Type and Design’’. 

INSTITUTION OF ELBCTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W.C.2), at 6.30 p.m 
Mr. K. M. Jones “Testing High Voltage Interconnected Systems 


with particular reference to the Kariba Scheme”. 


Tuesday, February 21 


UNIVERSITY OF LoNDON (at the Imperial College of science and 
Technology, Prince Consort Road, London, 8.W.7), at 1.30 p.m 
Mr. J. Christopher Jones Human Factors in Engineering Design’’. 

INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT, SUPPLY 
AND UTILIZATION SECTIONS (at Savoy Place, London, W.C.2), at 
p.m.—Scientific Papers 

ROYAL SOCIETY OF MEDICINE, PATHOLOGY SECTION (at 1 Wimpole 
Street. London, W.1! at 5.30 pom Meeting on “Electron Micro- 
scopy” 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street London, W.C.1), at 
5.30 p.m Dr. R. W. Riddell: “Fungi Causing and Complicating 
Human Disease”.* (Twelfth of fifteen lectures on “The Scientific 
Basis of Medicine” organized by the British Postgraduate Medical 
Federation.) 

UNIVERSITY OF LONDON (in the Gustave Tuck Theatre, University 
College, Gower Street, London, W.C.1), at 5.30 p.m.—Dr. K. H 
Spring: “Introductory Survey’’.* (First of five lectures on ““Genera- 
tion of Electricity without the use of Rotating Machinery’’.) 

INSTITUTE OF INFORMATION SCIENTISTS (at the Caxton Hall, Caxton 
Street, London, S.W.1), at 6.15 p.m.—Dr. J. G. Malloch: “The Work 
of the British Commonwealth Scientitic Organization’’.* 

SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP 
(at 14 Belgrave Square, London, S.W.1), at 6.30 p.m.—Dr. D. ¢ 
Libby : “Magnetic Resonance Studies on High Polymers”. 

ROYAL AKBRONATTICAL SOCIETY (at 4 Hamilton Place, London, 
W.1), at 7 p.m.—Dr. N. P. Inglis: “‘Newer Metallic Materials of Con- 
struction” 


Wednesday, February 22 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of 
London, Ducane Road, London, W.12), at 2 p.m.—Dr. J. F. Loutit: 
“Radiation and Leukwmia’’.* 

INSTITUTE OF Pa4YSiIcS AND THE PHYSICAL SOCIETY, COLOCR GROUP 
(at Battersea College of Technology, Battersea Park Road, London 
S.W.11), at 3 p.m Dr. Gritiths: “Colour and Chemistry’ 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS AND CoM- 
MUNICATIONS SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Dr. J. M. Meggitt Coding Theory and its Applications’’. 

BRITISH INSTITUTION OF RADIO ENGINEERS, MEDICAL ELECTRONICS 
GRovuP (at the Londen School of Hygiene and Tropical Medicine 
Keppel Street, Gower Street, London, W.C.1), at 5.30 p.m Discussion 
on “Transistorized Medical and Biological Electronic Equipment’. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdeage Walk, 
Weatminster, London, S.W.1), at 6 p.m Prof. P. M. S. Blackett, 
F.R.S Controlled Fusion Reactions’ (Thomas Hawksley Lecture). 


ROYAL © 


¥ Arts (at John Adam Street, Adelphi, Lon jon 
W.C.2). at 6 p.m ‘he Right Hon. Lord Nathan, P.« 
ind the Business World To-day” 
SOCIETY OF CHEMICAL INDUSTRY, FOOD AND MICROBIOLOGY GROUPS 


“Geography 


(at 14 Belgrave Square, London, 8.W.1), at 6.15 p.m Meeting on 
“The Micrebiology of the Deep Frozen Foods". Dr. H. Rachel White 

“Some Aspects of the Microbiology of Frozen Peas’’: Dr. B. J. Wage 
ind Miss M. Boothroyd The Effect of Processing and Freezing or 
the Bacteria in Frozen Meat Products” 


BRITISH PSYCHOLOGICAL SOCIETY, SOCIAL PsYCHOLOGY SBcCTION 
(in Room 425, Birkbeck College, Malet Street, London, W.C.1), at 
S p.m Section Annual General Meeting. Dr. W. A, Belson Tele- 
vision and the Famil 


Thursday, February 23 


CHEMICAL Society (in the Large Chemistry Lecture Theatre 
Imperial College of Science and Technology, London, 5.W.7), at 
10.30 aan.—Symposium on “Terpene Chemistry”. 
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UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
College, Gower Street, London, W.C.1), at 1.15 p.m.—Mr. W. R, G. 
Horton: “Gods as Guests -RKitual Drama in a West African Tribe’’.* 


ROYAL Society (at Burlington House, Piccadilly, London, W.1), at 
4.30 p.m.—-Sir Gordon Sutherland, F.R.S.: “Some Recent Develop- 
ments at the National Physical Laboratory”’. 


LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly 
London, W.1), at 5 p.m.-—Prof. H. J. Koch “Metabolism and 
Variation in the Blind Cave Fish Caecoharbus geertsi” ; ry. V 
Robertson: “The Jebel Marra, Western Sudan”. 


UNIVERSITY OF LONDON (in the Physiology Theatre, Universit) 
College, Gower Street, London, W.C.1), at 5 p.m.—Dr. W. J. Whelen 
“Recent Advances in the Chemistry and Biochemistry of Glycogen 
and Starch’’.® (Further lecture on March 2.) 

UNIVERSITY OF LONDON (at Guy's Hospital Medical School, St 
Thomas's Street, London, 8.E.1), at 5.30 p.m.— Dr. Morton I. Grossman 
(Veterans Administration Centre, Los Angeles): “Regulation of Pan- 
creatic Secretion” 

UNIVERSITY OF LONDON (at King’s College, Strand, London, W.C.2), 
at 5.30 p.m.—Prof. G. B. Koelle (University of Pennsylvania) 


*Acetylcholinesterase in Synaptic and Neuroeffector Transmission’ .* 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 
5.30 pam.-- Dr. A. G. Everson Pearse Enzyme Histochemistry and 
its Biochemical Alignments’’.* (Thirteenth of fifteen lectures on “The 
Scientific Basis of Medicine’ organized by the British Postgraduate 
Medical Federation.) 

INSTITUTE OF METALS, METAL Puysics COMMITTEE (at the Roya 
Institution, Albemarle Street, London, W.1), at 6.30 p.m.—Prof, W 
Hume-Rothery, F.R.S The Theory of the Alloys of Copper”. 

OU AND COLOUR CHEMISTS" ASSOCIATION (at the Royal Society of 
Tropical Medicine and Hygiene, Manson House, 26 Portland Place 
London, W.1), at 7 p.m.— Dr. N. R. Barucha “Pigments in Corrosio: 
Prevention” 


Friday, February 24 


BRITISH PSYCHOLOGICAL SOCTETY, OCCUPATIONAL PsYCHOLOGS 
SECTION (in the Department of Psychology, Birkbeck College, Malet 
Street, London, W.C.1), at 1 p.m.--Mr. J. TD. Handyside “Satis 
factions and Aspirations’’ (Chairman's Address) 

INSTITUTE OF RURAL LirR AT HOME AND OVERSEAS (at Friends 
International Centre, 32 Tavistock Square, London, W.C.1), at 1,15 
p.m.—-Commissioner H. A. Lord The Needs of Rural People in 
Korea’’.* 

UNIVERSITY OF LonpoN (at the Postgraduate Medieal School of 
London, Ducane Road, London, W.12), at 4 p.m.--Prof. H. Harris 
“The Inborn Errors of Metabolisim’’.* 

ROYAL ASTRONOMICAL SOCIETY (at Burlington House, Piceadilly 
London, W.1), at 4.15 pan.--Geophysical Discussion on “Radic 
Studies of the Aurora” Chairman Mr. J. A. Ratcliffe, F.RLS 
Speakers: Dr. J. W. Dungey, Dr. 8. Evans, Dr. C. D. Watkins and 
Mr. W. R. Piguott.* 

SOCIETY OF ANALYTICAL CHEMISTRY, MICKOCHEMISTRY GROUP (at 
the Chemical Society, Burlington House, Piecadilly, London, W.1) 
at 6.45 p.am.—Annual General Meeting 7 F. Holmes 
Retiring Chairman's Address 

RoyaL INstituTion (at 21 Albemarle Street, London, W.1), at 
p.m.—Prof. Martin Ryle, F.R.S “Radio Astronomy and Cos 
mology” 


Saturday, February 25 


BIOCHEMICAL SocteETy (in the Physies Lecture Theatre, Imperial 
College of Science and Technology, South Kensington, London, 8.W.7) 
at LOLLO acm Meeting 

LONDON CouNTY Counctn (at the Horniman Museum, London 
Road, Forest Hill, London, S.B.28). at 3.30 pon Mr. A. Robinson 

Bird Watching in the Medway Valley 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on of 
before the dates mentioned 

CHEMICAL RESEARCH ASSISTANT/TECHNICIAN (preferably 
experience of steroid chemistry) to work with a team investigating 
uspects of chemical endocrinology in relation to human biology and 
geneties—-Dr. J. M. Tanner, Institute of Child Health, Great Ormond 
Street, London, W.C.1 (February 23). 

ASSISTANT LECTURER or LECTURE 
The University, Shettield (February 25) 
TANT LECTURER or LECTURER (with a special interest in 
physiology) IN| BoTANY—-The Secretary, The University, Exeter 
(February 25) 

IUNtOR LEcTURER (preferably with interests in the flelds of either 
h) regional geography) IN GBOGRAPHY hie 
Dublin, Republic of Ireland (February 


IN Puysics—The Registrar 


RESEARCH STUDENT (with experience in one of the following te 
medicine hemistrv, biochemistry, or pharmacology) IN PHARMA 
LoGY, for work on naturally ecurring neuro-muscular blocking 

rents-— The Trinity College, Dublin, Republic of Lreland 


(February 27 
ASSISTANT LECTURER (with a i honours degree with special 
interests in mineralogy) IN GEOLOGY-—The Registrar, King’s College 
(University of London), Strand, London, W.4 February 28) 
LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT F 
MATHEMATICS, Makerere College, The University College of East 
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Africa-——The Secretary, Inter-University Council for Higher 
Overseas, 20 Woburn Square, London, W.C.1 (February 25) 

UNIVERSITY LIBRARIAN-— The Secretary and Registrar, The Univer 
sity, Southampton (February 25) 

PLANT PoHYSIOLOGIST (with a good honours degree in botany and 

earch experience) for investigations of effects of temperature 
oXyeen and carbon dioxide on the respiration of fruit-—The Director 
Ditton Laborator A.RA Larkfield, Maidstone, Kent (March 1) 

KESEARCH ASSISTANT to operate and maintain the electron micro 
scope and ancillary equipment in the Metal Physics Section of the 
Cavendish Laboratory— The Secretary of the Department of Physics 
Cavendish Laboratory, The University, Free School Lane, Cambridg: 
March 1) 

EvUCATION PSYCHOLOGIST, Girade (man or woman)—The Director 
Education, Shire Hall, Durham (March 3) 

LACTURER (with a good honours degree, teaching experience up to 
legree level, and research experience) IN ZOOLOGY at the Nigerian 
College of Arts. Science and Technology, Zaria Branch —The Council 
tor Overseas Colleges, 12 Lincoln's Inn Fields, London, W.C.2 (March 3) 

LECTURER (preferably with a special interest in microwaves and 
microwave devices, both vacuum and solid state) IN APPLIED Paysics 

The Secretary, The University, 38 North Bailey, Durham (March 4) 

RESEARCH ASSISTANT (tiritish nationality) IN THE WHEATSTON# 
LABORATORY for research m cathodoluminescence seintillation 
properties, et certain elementary erystals—Prof. F.C. Ciuampion 
Department of Physies, King’s College (University of London), Strand 
W.C.2 (March 5) 

LIBRARIAN at the University College (Fourah Bay College), Sierra 


Leone The Secretary, Inter-University Council for Higher Education 

Overseas, 29 Woburn Square, London, W.C.1 (March 6) 
HELMINTHOLOGIST SCIEN ASSISTANT With degree and 
xperience helmintholog to prepare ibstracts and assist in 


ditorial work on tnthotogrcal acts The Acting Direet 
Commonwealth bureau of Helmintholog The White House, 103 5 
Peter's Street, St. Albans, Herts (March 11) 

IMPERIAL CHEMICAL I[NDUSTRIF RESEARCH FELLOWS IN 
HEMISTRY, CHEMISTRY, CHEMICAL OcCBANOGKAPHY, ENGINERRIN¢ 
md Paystos-—The Registrar, The University, Southampton (March 11) 

LECTURER IN PavYsicAL and (CHEMISTRY in St. Sal 
vator’s College. St Andrews the Universit Court 
The University, St. Andrews 

OFFICIAL FELLOW and LECTURER IN PHYStoLoGy ind a DEMON 
STRATOR IN PaystoLogy The Warden, New College, Oxford (Mare! 


) 

UNIVERSITY DEMONSTRATOR IN Administrator 

Department of Physiology The University South Parks Road 

Oxtord (March 1! 

ASSISTANT LECTURER or LECTURER IN THE 
I 


DEPARTMENT OF 
MATHEMATICS he Kegistrar, University 


Hew Wales, Abervst 


LECTURER or ASSISTANT LECTURBR IN PsyCHoLoGy The Registra 


122, The Universit Reading (March 18 
LECTURER IN GE KAPHY at Rhodes University, Port Elizabet! 
south Afric Phe Secretary, Association of Universities of the Britis! 
Commonwealth, $6 Gordon Square, London, W.C.1 (South Africa and 
London, Mareh 20) 
REAVER IN INORGANIC CHEMISTRY at Queen Mary College The 


KTI TURE a tie nivers Svad 

Australia—The Seeretary, Association of Universities of the British 
Commonwealth Gordon Squar London, W.C.1 (Australia and 
London, Maret 

SENIOR LECTURER Puyst ut the University of Melbourne 
Australia —The Seeretary, Association of Universities of the British 
Commonwealt! 6 Gordon Squar London, W.C.1 (Australia and 
Lond April 28 

rE ANTI FELLOW (with at least two vears resear h experience) IN 
Com IN t riginal work in ar field nnected with com 
putation of ther application of digital mputers, with access to a 
Ferranti Mercury r Db tor, University Computing Laborator 
' South Parks Road, Oxford (J 


DEMONSTRATOR IN AGRICULTURAL BOTANY ind a DEMONSTRATOF 
IN AGRICULTURAL ZooLOGY at the School o 
Honington—The Registrar, The University, N 

JUNIOR RESBAI FELLOW IN CHEMISTRY 
Balliol College, Oxford 

LECTURER (preferably with industrial experience such as in nuel 
The! processing) IN CHEMICAL ENGINEERING for the Nuclear Teel 
wlogy Group -G. R. Hall, Departs t of Chemical 
Chemical Technolog Imperial College of Seience 
mdon, S.W.7 
LECTURER (with a good medical qualification and some laboratory 
Xperience) IN THE DEPARTMENT OF BACTERIOLOGY AND IMMUNOLOGY 


jiculture, Suttor 


The Dean, London School of Hygiene and Tropical Medicine, Keppel 
Street, Ghower Street, London, W.C.1 

PECHNICIAN (female) IN THE Poysics LABORATORY, for work con 
erned chiefly with diagnosis and treatment using radioactive isotopes 

The ital Seeretar Dudley Road Hospital, Birmingham, Is 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books S upplement) 


Great Britain and Ireland 


The Association of Teachers in Technical Institations. Comments ot 
the Crowther Report Pp. 15. CLondon Association Teachers in 
Technical Institutions, 1960.) Th! 

The Chest and Heart Association. Smoking t Message from an 
M.O.H. Pp. 8. (London: Chest and Heart Association, 1960.) {1711 


Annual Report and Accounts of the Britixh Broad isting Corpora 
tion, 1959-60. Pp. 17548 plates. (Cmnd. 1174.) (London: H.M 
Stationery Office, 1960 is, net 1711 


Education 


Symposia of the Zoological Society of London. No. 3: Sensors 
Specialization in Response to Environment Demands —-Proceedings of a 
Symposium held at the Zoological Society of London, Regent's Park 
London, on 4th March, 1960. Pp. iv + 83-3 plates. (London: Zoolog 
ical Society of London, 1960.) 17s. 6d. {1711 
Forestry Commission, Bulletin No. 32 Afforestation of Upland 
Heaths. By J L. Zehetmayr. Pp. v +145 +34 plates. (London 
Hi.M. Stationery Office, 1960.) L7s*. 6d. net {1711 
Titles of Dissertations approved for the Ph.D... M.se., and M.Litt 
Degrees in the University of Cambridge during the Academical Year 
1959-60. Pp. iii+ 20. (Cambridge board of Research Studies, The 
University, 1960.) {1711 
University of Leeds. Annual Report, 1959-60 (Draft of principal 
sections). Pp. ii+37. (Leeds he University, 1960.) {1711 
National Physical Laboratory. Effects of Variation in the Ambient 
Air on the Calibration and Use of lonization Dosemeters. By Dr. G. P 
Barnard, Dr. G. H, Aston and A. R.S. Marsh, Pp. 31. (London: H.M 
Stationery Office, 1960.) 2s. Gd. net 
Philosophical Transactious of the Royal Society of London. Series A 
Mathematical and Physical Sciences. No. 1025, Vol. 253 (17 November 
1960): The Classical Field Theory of Matter and Electricity. 1 An 
Approach from First Principles. 2: The Electromagnetic Theory «1 
Particles. By 8. R. Milner, Pp. 185-226. 138. 6d. No. 1026, Vol 
(1% November, 1960): Quadratic Diophantine Equations. By G. I 
Watson, Pp, 227-254. 98. No. 1027, Vol. 253 (17 November. 1060): On 
Adsorption at the Oil/ Water Interface and the Caleulation of Electrical 
Potentials in the Aqueous Surface Phas 2: The Effects of lonic Siz 
Ky D. A. Haydon and F. H. Taylor l 55-275. ta. td London 
The Royal Society, 1960.) Is 


Other Countries 


United States Department 


Bulletin 1045-1 Core Logs st Holes near Kran 
California. By William K. Be ul Ward 
Pp. iv + 319-303 + plates 11 t Ltisd—4 Botanical 
Prospecting for Uranium in the ke . rea, Geartield County 
Utah. By Frank J. Kleinhampl and ¢ 85-104 
plates 7 and & Bulletin L104-A K1 nand Related Phenomena at 
Paricutin in 1957 By Kenneth Seg trot Pp. i Is +1 plat 
eents, Bulletin LILI-A Devonian Rugose ¢ ils trom Northern 


Maine. By William A. Oliver. Jr Pp i+2 es | 
(ieophysical Abstracts, No. bs Januar March, lode 
James W. Clarke Vital 


thers Pp. iii 
Printing 
United tat (reological Survey 
Protessi ra ft Eniwetok Drill 
Holes 4 
‘ 
Atoll langer Pp. iv + s¢ 
wes s2-D Flow Resistar 
in Sinuous or Irregular Channels ivy Luna b. Leopold, Ralph A, 
Bagnold, Mr. Gordon Wolman and Lucien M. Brish, Jr. Pp. iv +11) 
134 + plates ind 4. Professional Paper 282-E: Some Aspects of tl 
Shay t River Meanders iy Ralph A. Bagnold Pp. iv 144 
) cents Professional Pape 15 4 Stratigy t 


a5 ne 


Professional Paper 316-D: Gravity Survey the Western Moja, 


Desert, California. By Don R. Mabey tii 1-7 plates 10-1 
Washington, frovernment ting Of wit 1711 
Ur 1 States Department of the Int t ti gical Surv 
Professional Paper 334-h Animonit of Early Cretaceous Ag 
(Valanginian and Hauterivian) from the Pacitie Coast States. by Ralph 
W. Imlay. Pp. ii 167-22 + plates 24-4 1.25 dollar ion 
Paper 340: Trepostomatous Kryozoa of 0 

York State. by Richard 8. Boardman. Py 
lars. Professional Paper rh 
in Relation to Sediment Type. Pp. iii 


Paper 354-D: Early Cretaceous (Albian) 
Valley and Talkeetna Mountains, Alask 
i+ Ss-114+plates 11-19 
Deposition of Uranium in Salt-Lan Basins 
iii + 161-169, 20 cents. Professional Pay 
treological Seiences-—Geological Survey Re 
4.25 dollars (Washington Government Printing Offices 
{171 
The Weizmann Institute of Science. Serial Holdings of the Weizmann 
Institute of Science (complete until May, 1960). Pp. iii + 62. (Rehovot! 
Israel: Weizmann Institute of Scier rat 
Queensland, Fifteenth Annual Report of the Council of the Queens 
land Institute of Medical Research, year ended 30th June, 1960, Pp, 26. 
(Brisbane Queensland Institute of Medi ch, 1960.) [1711 
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For Qualified 


SCIENTISTS, ENGINEERS, ARCHITECTS AND SURVEYORS 


THE 
TECHNICAL 
AND SCIENTIFIC 


All enquiries are dealt with in confidence by pro- 
fessionally qualified staff. 

A leaflet, giving details of the Service, will be sent on 
request. 


Hi rite for information or appointment to 


THE TECHNICAL AND SCIENTIFIC REGISTER, Dept. K.10, Aimack House, 26 King Street, London, S.W.1. 
Telephone: WHI 6200 (Ext. 328) Issued by the Ministry of Labour 


HMeathway 


Glass Working Lathes 


Plan Ahead 


by effecting now “the young man’s policy” which 
gives to a man under 35 immediate life assurance the world 


cover at lo cost and the valuable right to effect 


are known throughout 


within ten years further assurances even thoug 
his health has become impaired 


© 5 types available 


The Equitable has no shareholders and pays neo 
commission for the introduction of business 


unusually attractive terms can, therefore, be offered * May we send you 


Write today 


The Equitable Life 
Ass urance Society The new universal model in 


(Founded 1762) its vertical position 
Head Office > 19 Coleman Street, London, E.C.2 


HEATHWAY MACHINERY CO. LTD. 


man’s policy UXBRIDGE Roap, HILLINGDON, MIDDLESEX 


leaflets ? 


TELEPHONE: UXBRIDGE 6345 


Agents in the U.S.A. and France 
Richoux Co. Inc., 1133 Broadway, New York 10, N.Y. 
Ets. L. Richoux, 22 Cité Trévise, Paris 9 
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APPOINTMENTS VACANT 


McGILL UNIVERSITY 


BRACE EXPERIMENT STATION, 
BARBADOS, W.1. 


are invited for the post of 
DEPUTY DIRECTOR, BRACE BEQUEST 
supervise all activities at the Brace Ex- 
periment Station, Barbados The appoint- 
has the academic status of senior lec- 
Commonwealth and 
contract three years subject 
The salary range will be from 


Applications 


to 


ment 


turer in a University 
be 


to extension 


will on for 


£1,750 (sterling) per annum, depending upon 
qualifications, plus insurance scheme and 
assistance towards accommodation Free 


provided for the appointee 
family at the beginning and termination 


passages will be 
and 


f contract 


The Brace 
Montreal, has 
research 


with headquarters in 
been established to 
development the 
agti- 


Bequest 
recently 
and 


turther in 


fields of enginecring and experimental 
under- 
countries the 
be super- 
ind postgraduate students 
the 
water and 
for water pumping, operated by cither solar 
Desirable 


professional 


culture for eventual application in 


developed arid Initially 
Deputy Director will 
hnical staff 


developing 


required to 
vise te 


and testing equipment for 


conversion of salt water to fresh 


or wind energy 
include 


al or 


qualifications 


would training in 


mechan chemical engineering, experi- 
the principles thermo- 
dynamics, heat and mass transfer, hydraulics 
m the development 
enginecring equipment and a broad outlook 


towards the objectives of the Brace Bequest 


ence in applying ot 


and acrodynamics ot 


Avcademi experience in the guidance of 
postaraduate students would also be an ad- 
vantage 

Detailed applications, naming three 
referees, and accompanied by a recent 
Photograph should be submitted before 
April 1, 1961, to The Dean, Faculty of 
Engineering, McGill University, Montreal, 


Canada, from whom further particulars may 


be obtained 


UNIVERSITY OF LEEDS 


DEPARTMENT OF PHILOSOPHY 

Applications are invited for appointment, in the 
Department of Philosophy. to a Leverhulme Re- 
search Fellowship in the History and Philosophy 
vf Science The Fellowship, which is renewabk 
will be tenable for one year in the first instance 
and w be of a value up to £1,350 

Applications (three copies), stating date of birth 
gualifications and experience, together with the 

mes of three referees Should reach the 
Registrar, the University, Leeds, 2 (from whom 


turther particulars may b« 


March 17, 1961 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 


tained) not later than 


(UNIVERSITY OF READING) 
Experimental Officer required in Nutrition De- 
rtment for biochemical research on probicems of 
prot and amino acid metabolism Candidates 
should be graduates, or hold A.R.LC., H.N.C.. or 
an equivalent qualification and should have had 
experience in the use of the techniques of paper 
and umn chromatography Salary scale, mini- 
mum age 2 £1,057 to £1,336; pension scheme 

Apply naming two referees, to Secretary 
N [R.D., Shinficld, Reading. Quote ref. 61/6 


AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH 
ORGANIZATION 


RESEARCH STAFF— 
MINERAGRAPHIC INVESTIGATIONS 


(2 POSITIONS) 


The Organization's Mi hi Inv 


Pp i Section, located in grounds of 

Melbourne University, Victoria, invites applications for two research positions The 
Section is concerned with studies of the mineral resources of Australia t provide 
information on the mincral composition and origin of ores 

Applicants, who should be honours graduates with some years’ research experience 
preferably in opaque minerals, are required to participate in the mineralogical and 
petrological research on ores and ore occurrences with emphasis on the opaque mincrals 
Experience in the application of spectrographic and X-ray techniques to mincral 
identification an advantage 

SALARY: dependent on qualifications and experience within the ranges: £A.1,510 
to £A.2,265 per annum. 

Salary for women will be £A.180 per annum less than corresponding rates for men 

Promotion within C.S.I.R.O. is by merit and may ultimately go beyond the upper 


limit of the scale within which the original appointment is made 

Fares paid Further details be obtained on application to 

Mr. E. J. Drake, Chief Scientific Liaison Officer, Australian Scientific Liaison Office, 
Atrica House, Kingsway, London, W.C.2, 
to whom applications (quoting Appointment 
April 8, 1961 


may 


No. 450 13). should be addressed by 


United hingdom Atomic Energy Authority 


Require 


ANALYSTS 


The work associated with this post is varied and involves an analytical 
service to research projects on the less common metals and their alloys and 
compounds 


Post B 

lo assist in the assessment of chemical compatibility of a wide range of 
materials. The work will include development of various techniques for 
assessment by accelerated testing and the establishment of suitable criteria 
Some experience of physico-chemical procedures applied to investigation of 
physical or chemical changes would be of advantage. 

The Laboratories at Aldermaston are of modern design and are well 
equipped with modern physical instruments. 

Applicants should have a pass degree or H.N.C., together with appropriate 
experience in a related field of work, e.g., corrosion, degradation of organic 
materials, or practice of analysis 

Appointments will be made in the Experimental Officer or 
Experimental Officer grade with salary ranges as follows: 
EXPERIMENTAL OFFICER £1,165 to £1,430. 
ASSISTANT EXPERIMENTAL OFFICER £640 (at age 21) to £860 (at 

age 26 or over) to £1,055 
per annum 

Superannuation Scheme. A house or substantial assistance with house 
purchase will become available to married officers living beyond daily 
travelling distance. 

Please write for application forms to the Senior Recruitment Officer, 
A W.R.E., Aldermaston, Berks, quoting reference 2873/34 


Assistant 


KING'S COLLEGE HOSPITAL THE POLYTECHNIC 
DENMARK HILL, S.E.S 309 REGENT STREET, W.1 
Applications ited for an appointment as DEPARTMENT OF CHEMISTRY AND 

Senior Physicist successful candidate will be BIOLOGY 
xpected to act ¢ yuty to the Principal! Physicist Applications are invited for a post as Grade B 
and to take res ity in radiation physics and | teacher for Inorganic ; Physical Chemistry 
sotope work ve expericn » hospital physics | Some previous industrial and/or teaching xper 
Ss me ssary Ther are also Opp imitics tor re ence, and an interest in research, would be ar 
search in a wide range of problems the app! vdvantage. The salary scale for a graduate ris« 
ation of physics to medicine Salary a rding to £1,240 per annum plus I jon allowance t 
to Whitley Council scales for the Senor Grade 38 of £51 and additional allowances for training 
£1.300 to £1,750 a year including London weight und good honours, where appropriate 
ng A torm of application, which should be returned 
Applications, together with the names of two | by not later than February 25, 1961, may be ob 
referees, should be sent to the undersigned tained from the undersigned 
J. D. BANKS. J. E. RICHARDSON, 
House Governor Director of Education 
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APPLIED 


ELECTRONICS 


LABORATORIES 
THE AIRPORT - PORTSMOUTH 


Are engaged in the development of a wide range of electronic and 
electro-mechanical projects. We have an immediate requirement for 


QUALIFIED 
ENGINEERS 


particularly if they have experience in the design and development of 


transistorized circuitry 


This is « progressive establishment employing young men with 
advanced ideas 


Increasing commitments necessitate expansion of staff at all levels 
and promotion prospects are excellent. 


Our senior technical staff will be pleased to have informal 
discussions, at week-ends if desired. 


Please write in confidence to the Personnel Officer. 


D 


tihe Officers must hav 


C. D») Senior Scientific Officer 


UNIVERSITY COLLEGE OF | UNIVERSITY OF QUEENSLAND 
SWANSEA SENIOR LECTURER IN GEOLOGY 
ations are invited from suitably qualified (GEOCHEMIST) 
lidates for the following posts: Pure Math | Applications are invited for the above-m« 
\ Research | wship in the Theory of | Post, Which is a responsible teaching posit 
ty und or Mathematical Statistics. | excellent Opportunity for geochemical and 
two Assistant Lect r Lectureships | tical research in a University Apr 
st will be Sup it Laboratories wuld have a Science and =rescar 
an A t I >oral ture- | Perience to Ph.D. or lev 
Geology, an Assistant Lectureship or a | dominant interest sh in Geoct 
ship, with part ar interest 1 Mesozoic | (th tical and economic) Some r 
aphy and Ta) A Research | rock and m ability to d 
stratorship vy, two Assistant Le mental 1 An interest in 
Ds Zoology. a Assistant Lectureship and | 2 ey experience in f 
| pectr me interest in X 
pectrog al techniques 
an A.2,.520 b tA 


2,870 per annum il applic 


the privileges study 
avel grants and o ! r available 
£800 to £1,100 per F.S.S.1 cadem stall 
and family allowances Further particulars may be obtained from 
urther particulars can be obtained from the | Secretary Association f Universities of 
ristrar, University College Singleton Park British Commonwealth, 36 Gordon Square, 
Swansea, by whom applications (six copies) must | London, W.C.1 Applications close, in Australia 


received not later than Saturday, March 11 and London, on March 31, 1961. 


fits) but opportunitucs 


Scientific Register (K) 
S.W.1. qu ng appropriate reference and post 
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ROYAL NAVAL SCIENTIFIC 
SERVICE 


ADMIRALTY require SENIOR SCIENTIFIC 


OFFICERS /SCIENTIFIC OFFICERS at 


A. UNDERWATER WEAPONS ESTABLISH- 


MENT, PORTLAND, DORSET 
(Ref. C69/1A) 


(1) Mechanical Engineer. Specialized in thermo- 
dynamics with experience in internal combustion 
engine research and/or fr 
Minimum five years’ experience in either expected 


Some experience in appropriate instrumentation 
essential with design study work on components of 
rocket systems or other propulsion gear Turbine 
design experience advantageous 


(2) Mechanical Engineer with bias for one 


more of: (i) hydraulically operated mechanisms, 
including servo-control ; Gi) mechanics of machines 
(theory and practice); (ii) hydro- (or aero-) 
dynamics of fairly elementary character 

(3) Hydrodynamicist (or aeronautical engineer) 
with some years’ experience for work on torped 


dynamics 


(4) Mechanical Engineers (servo-mechanisms, 
gyro design id develop) Electrical Engineers 
ectronics / Design) Mathematicians (Opera- 
tional research and theoretical phvsics) Physicist 


(acoustics) 


B. GOVERNMENT COMMUNICATIONS HO 


CHELITENHAM (Ref. A43/1TA) 


Physicists (Telecon nications) Mathemat 
ans Electrical Engineers (Electronics / Radar 
Telecommunications and Radio) 


C. NAVAL CONSTRUCTION RESEARCH 


ESTABLISHMENT, DUNFERMLINE 
(Ref. C7O'1A) 


Structural and Mechanical Engineers, Mathemat 
cal Physicists and Mathematicians, for teams 
gaged on re ns of structural strength 
effects f ind nuclear weapon 


clopment of new structural materials. Ex 

pportunitics and good prospects for prom 
ADMIRALTY COMPASS OBSERVATORY 
SLOUGH (Ref. D47/1A) 

Electrical or Mechanical Engineers or Physic 


nterested in gyro-techniques, servo-mechanisms ¢ 


Qualifications for all posts first r second 
at in appropriate 
c mall i born British su 
ts of natural born British pa ts. Senior S 

minimum three y 
not less than 


Stgraduat cexpcricnce 
ars of age 


Salaries: (A.) Senior Scientific Officer, £1 


£1,342 


Appointments uncsta 


to compct r cstablished posts 


Forms from Ministry Labour. Technical : 


DURHAM COLLEGES 
in the University of Durhan 
App 


Apr ations (hre p together with 


names of three referees should b nt 


ter than March 25, 1961, to the Secretary, 


North Bailey. Durham. from whom further part: 


cula may be obtained 


will be required to do advisory work on 


DEPARTMENT OF CHEMICAT sign and analysis of experiments, and research 
ENGINE ERING AND CHE MICAL work on biometrical problems Access to 
TECHNOLOGY tronic computer. Appointment either as Scientifx 


Applications invited for Lecturer in Chemical | Officer (qualification gz00d honours degree 
Enginecring for Nuclear Technology Group. In- | mathematics. Scale, £717 to £1,222), or as Assist- 
experience, such as in nuclear fuel pro- | ant Experimental Officer (qualification: pass 
an advantage Scale £1,050 by £50 to | erce or equivalent Scale, £543 to £983) 
£1,400 by £75 to £1.550 (bar) by £75 to £1,850 j either class, starting salary determined by age and 
annum, plus £60 London allowance and | experience and there are prospects of promotion 
family allowances to higher grades Contributory superannuat 
Applications to G. R. Hall, Imperial College, | scheme.—Applications, with names and addresses 

7. vf three referees, to Secretary, by March 6 


NATIONAL VEGETABLE RESEARCH 
IMPERIAL COLLEGE OF SCIENCE | Station, Wellesbourne, Warwick, has a vacancy 


AND 7 FCHNOLOGY in its Statistics Section Ihe successful can 


McGILi. UNIVERSITY 
DEPARTMENT OF CHEMISTRY 
Post-doctoral appointments are availah! 
for studi 
(1) Chemistry of the Upper Atmosphere 
(atom reactions, chemiluminescence 
mass spectrometry). 


n 


(2) Nuclear and Radiochemistry 
(3) Studies in physico-chemical aspects of 
Immunochemistry 
(4) Physical Chemistry of Interfaces 
(5) Organic Chemistry of Wood and 
Cellulose 

Salary : $5,300 per year. 

Applicants should submit official docu- 
ments attesting to academic qualifications 
and at least two supporting letters to the 
Chairman, Department of Chemistry, 
McGill University, Montreal, Quebec, 
Canada. 


ket propulsion field 


ntifi Officer, £717 to £1,186 


6 King Street, London 


’ 1s are invited for the post of Lec 
turer in Physics from October 1, 1961 
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CCOXXVili 


BAKELITE & 
TYSELEY, BIRMINGHAM 


require a 


GRADUATE 


with some industrial experience to take charge 
of an experimental laboratory 
Chemistry 
Research and Development Department 


and Physical 


This is a 


good 


responsible position and a progressive career in 
ipplied physics with a leading manufacturer of 


plastics materials. 


A booklet 
Department 
ipplications 


may be 


RESEARCH & DEVELOPMENT 
MANAGER 


BAKELITE LIMITED 
Redfern Road, Tyseley 
BIRMINGHAM II 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
Applications are invited for a Lectureship in 
Pure Geochemistry from October 1, 1961 Salary 
range £1,050 to £1,850 per annum plus £60 


London allowance F.S.S.1 membership and 
family allowances Candidates should have geo- 
hemical qualifications and be familiar with one 
2 more of the following techniques: optical or 
X-ray spectrography silicate or radioactive 


analysis 

Apply to Professor D. Williams 
Imperial College of 
ndon, S.W 


Department of 
ence and Tech- 


Cx ey 


nology, | 


UNIVERSITY COLLEGE OF 
WALES 


ABER YSTWYTH 
Applications are invited for the post of Assistant 


Lecturer or Lecturer in the Department of Pure 
Mathematics to take up cuties on October 1, 1961 
Salary scales: Lecturer, ¢1.050 to £1,850; Assist- 


mt Lecturer, £800 to £950, plus Superannuation 
benefits and children’s allowances 

Further particulars can be obtained from the 
Registrar, to whom applications should be sent, 
together with the names of two persons to whom 
reference may be made, not later than March 13. 


opportunity 


describing the 


should be 


NATURE 


LIMITED 


PHYSICIST 


in the Physics 
their 


Section of 


to develop a 


work of the 
request and 


had on 


addressed to. the 


UNIVERSITY OF TORONTO 


DEPARTMENT OF MATHEMATICS 


Applications are nvited for vacancies the 
Applied Mathematics Section of the Department 
Preference will be given to app ints with ex- 
perience n mechanics and fluid 
lynar salary will depend on 
jualifications nce Superannuation 
ind removal allowances are ava able 

Applications should be sent to Professor D. B 
DeLury, Chairman, Department f Mathematics 
rsity t Toront Toront Canada 


OLDCHURCH HOSPITAL 
ROMFORD, ESSEX 


(709 Beds) 
RADIOTHERAPY DEPARTMENT 
Semor Technician or Technician required for the 
above Department. Duties include Physics Work- 


shop. Isotope Laboratory Radium and Mould 
Room work Instrument or Physics Workshop 
experience essentia Salary ££°0 to £710 per 


annum ; senior grade. £710 to £905 per annum 
would be applicable to suitably qualified person 

Applications, quoting Ref. 17/39, giving full 
Jetails, including age and experience, together with 
names of two referees and/or copy of testimonials 
to the Group Secretary, Romford H.M.C., Old- 
church Road, Romford 


February 18, 1961 


COURTAULDS 
ANALYSTS 


COURTAULD. has the following vacan- 
cies for analysts in its research organization 
at Coventry 


1. Microanatyst (reference D.8a 3) 

An analyst who has specialized in micro- 
analysis for work involving the develop- 
ment and application of microanalytical 
techniques in the high polymer fieid 

A sound knowledge of general chemistry 
is essential, but practical experience of 
microanalysis is regarded as of greater im 
Portance than high academic qualifications 
candidate will work with 
a small group whose main function is the 
development of new analytical techniques 
applicable to the solution of specific prob- 
lems which course of the work 
of one of the principal research laboratories 
ot the Company 


Ihe successful 


arise in the 


Development Analyst (reference 
An analyst to carry out general ana c 
development work in the Chemical Engincer- 
ing Section and particularly, to work in 


collaborati with a team of physicists 
engaged in the development of instruments 
for automath contin mous analysis, applic- 
able ¢ process ntrol in pilot and full 


scale chemical plant 


Candidates should 
rm of application to the 


write for a detailed 
Director of Per- 
sonnel, Courtaulds Limited, 16 St. Martin's 
e-Grand London EC.1 quotmne the 
appropriate reference number 


ROYAL COLLEGE OF 
SCIENCE AND TECHNOLOGY 
GLASGOW 


SENIOR LECTURESHIP 
IN 
HEALTH PHYSICS 


Applications are invited for this post with 
which will be associated the Headship of 
the Radiation Control Laboratory Duties 
include organization f postgraduate 
courses on nature and ntrol of radiation 
inauguration of research and super 

radiation safety throughout the 


hazards 
vision 
College 
should b 
university t 


Candidates physicists with 
experience in aching and in 
terested in the problems of radianon satcty 
with 


Salary scale £1,975 by £75 to £2,275 
S.S.U. and family ai 
Form of application from the 
George Street, C.1 


wances 


Secretary 


NEW COLLEGE. OXFORD 
UNIVERSITY DEMONSTRATOR IN 
PHYSIOLOGY 
The University proposes to appoint with effect 


from October 1, 1961, a rsity Demonstrator 
n Physiology The post may be held in con- 
junction with a college fellowship Stipend in the 
scale £1,050 to £2,025 per annum or, if medically 


h 


qualified, £1,350 to £2,1 
of £50 per annum for each ch 
Three copies of application 


hildren’s allowance 


with the names of 


two referees, by March 11, 1961, to the Adminis- 
trator, Department of Physiology, South Parks 
Road, Oxford, from whom further details can 
b htained 


UNIVERSITY OF OXFORD 

OFFICIAL FELLOWSHIP IN PHYSIOLOGY 

New College intends, if a suitable candidate 
presents himself, to clect to an Official Fellowship 
and Lectureship in Physiology from October 
1961 The post may be held in conjunction with 
a University post A Demonstratorship in Physio- 
logy is advertised from the same date 

Further details may be obtained from the 
Warden, New College Closing date for appli- 
cations, March 11, 1961 
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SOUTH OF SCOTLAND 
ELECTRICITY BOARD 


Applications are invited for the undernoted 
superannuable appointments at HUNTERSTON 
NUCLEAR GENERATING STATION 


(a) STATION CHEMIST (Ref. G4 61) 


The successful applicant will supervise the 
conventional and radiochemical station labora- 


tories and be responsible for the testing and 
treatment of waters, gases and oils, radioassay 
f effluents and plant arisings and measurement - 
wt activity levels in district survey samples 
Candidates should have had experience in a 


modern generating station and possess a univer 


sity degree or equivalent qualification The AERO ENGINE DIVISION 


successful applicant will be expected to undereo 
special training with the 


N.J.B.—Class M, Grade 611,650 
£1.84) per annum 


(b> ASSISTANT STATION CHEMIST (Ref 


The saccesefal applicamt will be responsibie PHYSICISTS - CHEMISTS 


the Station Chemist for the work of the district 


el METALLURGISTS & ENGINEERS 


ACTIVITY a ic sOtopes in district survey 


expected t 
for a progr f expan me relevant posteraduate xperience 
challenging wor iteriz nitiatis nd a ginal think 
1 following upon recent advances rr ) ne nior posts 
techniques mac our Solid State Physics Group vacan h at least an HN.C 
riificat concerned with (a) the appli ild be 1 ssary 
vuur ftundamenta Working conditions are excellent 
M, Gradk 
annum 


and every encouragement given tor 


b structural materials, a t yublication of original work, and salaries 
ar gee f the programme of basic commensurate with the high 
rlair Avenue, Glasgow 

quoting appropriate reference. not later are a good honours de 

sary 24, 1961 


S4 Qualifications required standards set 


ROAD RESEARCH LABORATORY 1 pplications should be addressed to: 
ffic and Safety Division), Langley, Bucks, re- OH Mbd., ROLLS-ROYCE LIMITED, OLD HALL, 
s Semor Scientific Officers Scien c Officers LITTLEOVER, DERBY. 
carry out Theoretical and Experimenta! Re- 
Traff Flow and Road Safety. i 
hological aspects, physics of fricti 
ems, relationship between 


irit sustained in road 
yn traffic and app t 
» these probiems Qualifica 


ENGLISH ELECTRIC VALVE 
CO. LTD. 


Chelmsford, Essex 


A Physicist or Mathematician is required for research on electron optical 


THE BRITISH GLASS INDUSTRY - systems. 
search Association quires a Section Leader to | 
tak hare vf chnology Section 
Applicant wu nave had s icient experience 

them confi 


Applicants should possess a first- or second-class honours degree in 
physics or mathematics, and be preferably within age range 22 to 30 


Salary will take into account age and any previous relevant experience. 


Apply to Department G.P.S., English Electric House, Strand, London, 
W.C.2, quoting reference N1S9SP 


being D t sal sta 
the Section Lea must have a suffi wid 


Sal rd m t un with part of an expansion programme = 
ES i at quoting are invited f e following positior The 
names of two r Ss, sho ach the Director Assist . in Microanatomy “s the Medical R« 
British Glass Industry Research Association edi a ience students and 
ind R ficld 10, not later than yology. Preference w 
candidates with a science degree 


PHARMACOLOGIST REQUIRED TO WORK Assistant Professor in Gross Anatomy primari olindale Labora 
n London for the first two years in an academ to teach gross anatomy, with opportunities to 
department and thereafter a newly created R« participate in research and in other responsib A LABORATORY HNICIAN WITH 
“ af h Laboratory in London. Non-contributory | ties of the department ities for | biochemical experience i quired to work in 
ante und Life Assurance Scheme and excellent | research available The salary x an Assistant | the Department of Chemical Pathology on 
salary scope for promotion.—Writ f Professor with medical qualificaions w Ot | search connected w th muscle diseases Salary 
details of age, qualifications, experience and salary ess than $8,500, depending upon qualit ’ up to £700 per annum, according to qualificatic 
required to the Managing Director, Brorex Labora- Inquiries for both appointments 4 ind experience Applications should be made 
tor Limited, 47 SI Exmouth Market, London addressed to Professor R. L. de € iders | writing to the Secretary, Institute « Neurol 


EC! at the above address | National Hospital, Queen Squar WwW 


Ow lec 


appointment 
n the first 

mber 


Pension 
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wel 
equivalent. in appropriate subject for Scientific | | 
Officer. with adequate postgraduate research ex 
ci tific Officer. Salary ranges: Scientific Officer. | | 
to Senior Scientific Officer, £1,290 | 
t £1.599 fa rding to experience) Norma 
prospects of promotion in mid-thirties t Principa 
Screntit Officer. £1.650 to £2.32 with possi 
hues f higher posts Opportunities for early | ani 
establishment with superannuation whilst under 
aze 31. Laboratory expected to move to new | 
aK mmodation at Crowth near Bracknel | 
Berkshir n 1963 I ms fron Ministry ‘| 
| 
Labour, Technical and Scientific Register (K), 2¢ | 
King Street. London, S.W.1 sine A 286/OA 
ote This help might be on specific problems in th ut 
laboratory investigation The su ssf ipplicant | 
be required to lead the research pr cts | 
4 ee now being undertaken ; these include work on th fi 
refining of glass. a study of gases in glass and in 
vestigat n mechanism f heat transfer 
ay 
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ENGLISH ELECTRIC 
VALVE COMPANY LIMITED 


Microwave Research and Development 


The Company has considerable effort engaged on research and develop- 
ment into very low nome microwave tubes 


Physicists and engineers are required to assist in this programme and 
whilst we would prefer graduates with experience in this field of activity 
we would be pleased to hear from graduates with good honours degrees 
backed up with industrial experience in light electrical or electronic 
companies 


Employment would be at the Company's Works in Chelmsford, Essex 


Inquiries should be addressed to: Group Personnel Services. English 
Electric House, Strand, London, W.C.2, quoting reference N1ISO06M 


The European Organization for Nuclear Research (C.E.R.N.) 
GENEVA, SWITZERLAND 


HEALTH-PHYSICS 


he 25 GeV. Proton Synchrotron and the 600 MeV. Synchro-Cyclotron 
are now working at full capacity. The successful operation of these 
machines requires an expansion of the Health Physics Section to deal with 
new and interesting problems as well as with more conventional surveys. 
Applications are invited from 


PHYSICISTS and TECHNICIANS 


experienced and interested in Radiation Protection, Research and Develop- 
ment work in High Energy Dosimetry, and collaboration with other research 
physicists of many nationalities 


Good salaries according to qualifications and experience, plus certain 
allowances. Excellent social security and leave conditions 


{pplication Forms from 


Personnel Officer, C.E.R.N., Geneva 23 


(£1,050 to £1,850), according to age. qualificatio 


addresses of three persons to whom reference 


UNIVERSITY OF DURHAM 


‘ and other biological or chemical 
DEPARTMENT OF PHYSICS 


The ommencing salary will be deter 
at a suitable point on the Lecturers’ ry of Physicloey, Oxford 


IECHNICIAN (FEMALE) AGE 25 to 


KING'S COLLEGE. NEWCASTLE UPON wanted Duties ficxible would include 
TYNE sibility for sterilization of surgical equip- 


evel in chemistry and biology, S.R.N 
Council of King “olles nvite applica lr. training or equivalent an advantage 
for appointment » Lectureship in own handwriting, giving age, education 

! experience to Administrator, University 


experience of the uccessful applicant ARCH 


Registrar and Secretary { King’s College, to is for Ph.D. dezrce Supend $3,000 per 
{ travel expense up to $200 

indidates having Master degree or equivalent 
raining apply to Dr. Bettelheim, Adelphi College 


applications, together with the names and iS remittance 


be made, should be addressed so as to/t 
him not later than March 10, 1961. Garden City, New York, U.S.A. 


ASSISTANTSHIP OPEN 
SS and child allowance September. 1961. on solid st physical chemistry 
Further particulars may be obtained from the | of mucopolysaccharides search can be 


February 18, 1961 


CULHAM LABORATORY 


tor fusion and plasma physics research now 
being built at Culham, or Abingdon, 
Berks, 


will require a 
SCIENTIFIC OFFICER 
lead a small experimental team engaged 
the investigation of phenomena associ- 


with the interaction of photons and 
entary particies with surfaces of various 


include the interpretation 

experiments involving the 

ymetric and spectroscopic 

analysis, and the design of ultra high 

im apparatus and electron, ion, and 

sources 

candidate will be ap 

Controlled Thermonuclear 

Division at A.E.R.E., Harwell, 

subsequently be transferred with 
Culham Laboratory 

uld have a first- or good 

Honours Deegrce n Physics, 

uistry, or Physical Metallurgy 

to £1,310 per annum for 

Postgraduate experience starting 


iperannuation 


ard for details to 
Officer (CAP /40/09 34) 


rw Berks 


CITY OF LIVERPOO! 


EDUCATION COMMITTEE 
COLLEGE OF TECHNOLOGY 
Principal! 4 B Sc.tk 
Mech M.BIM 
Applications d f owing ap 
i ’ mr September 1 


<1) Two in Chemist Applicants 
should be willing ) ike research and have 
had previous experience in cither 


Burnham Tech- 


sional and appropriate teaching 
Assistant, Grade ** B,"* £700 by £27 
(Additional er ia 
. where applic 
commencing salary will be assessed according 
industrial, professional and teaching 


forms (returnable March 3 
1961) and further particulars from H. S. Magnay 
M.A., Director f Education, 14 Sir Thomas 
Street, Liverpool, 1 
THOMAS ALKER 
Town Clerk and Clerk to the 
Local Education Authority ().6643) 


UNIVERSITY OF ALBERTA 
DEPARTMENT OF CHEMISTRY 
TEACHING ASSISTANTSHIPS 
$2.200 to $2,700 for e months are open to 
qualified students proceeding d ed degrees 
Nine hours per week ry instruction 
required Active research programmes in analyti 
cal, inorganic, oreani physical and theoretical! 
chemistry Trave owanc 
Apply t Professor Harry E. Gunning, Head 
Department of Chemistry, University of Alberta 
Edmonton, Alberta, Canada 


CHEMICAL RESEARCH ASSISTANT 
Technician, preferably with experience of steroid 
chemistry, to work with team investigating aspects 
xf chemical endocrinology in relation to human 
hiology and genctics Apply, giving two referees 
Dr. J. M. Tanner, Institute of Child Health, Great 


Ormond Street, W_C.1. Closing date February 23 
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yy to G.C_E. Advanced Level. A knowledge of ane 
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McGILL UNIVERSITY 


POSTGRADUATE ASSISTANTSHIPS 
IN CHEMISTRY 


Applications are invited from persons 
qualified to pursue M.Sc. and Ph.D. work 
in Chemistry for Teaching and Research 
Assistantships. Stipends are dependent on 
the number of hours per week given to 
teaching work. The maximum is 12 hours 
per week, for which a Teaching Fellow 
will receive $1,800 to $2,000 for the months 
of October to May inclusive. Stipends may 
be supplemented by a summer grant of 
$800 for the months of June to September 
inclusive, provided that the applicant car- 
ries on work Icading to the degree during 
this period 


Research opportunities are available in 
Analytical Chemistry, Inorganic Chemistry 
Radiochemistry Physical Chemistry, Col- 
loid Chemistry, Immunochemistry, Organic 
Chemistry, and the Chemistry of Cellulose 
and Lignin 

For further information please write to 

The Chairman 
Department of Chemistry 
McGill University 
Montreal, Quebec, Canada 


CENTRAL ELECTRICITY 
GENERATING BOARD 


ASSISTANT HEALTH 
PHYSICIST 


Applications are invited from candidates 
who wish to be considered for appointment 
as the Assistant Health Physicist at the 
Berkeley Nuclear Laboratories. The duties 
of the post will include the organization 
and «supervision of the Health Physics 
measurement ogramme The successful 

who will deputise for the Health 
his absence, will be encouraged 
work related to this pro- 

will be in a position to gain 
experience to qualify as a Health 


should have a degree of 

1% qualification and some cxperi 

. in radiation measurement would be an 

tage Applicants should preterably be 

under 26 years of age and must be keenly 
interested in health physics work 

The successful applicant will be offered an 

appointment at a salary of up to £1,325 per 

annum, depending on experience, ability and 

qualifications 


Applications, stating age, qualifications 
experience, present position and salary, t& 
the Appointments Officer, 24/30 Holborn, 
London, EC.1, by March 3 Envelopes 
should be marked “Confidential Ref 
N_ /63." 


THE PATENT OFFICE 


olfers an interesting, well paid job with good prospects to suitably 
qualified men and women in congenial working conditions. 


interest You will be dealing with inventions from the 
whole world in your chosen subject. By its 
very nature the work will inevitably maintain 
your knowledge of science and technology 
completely up to date and will give you 
inside knowledge of new manufactures well 
ihead of the public at large 


Ihe training salary for the first two vears is 
£793 and £824. On satisfactory completion 
the scale is £941-£1,719 by regular incre- 
ments, but there is a jump in the scale to 
£1,324 five years after entry, or only four or 
even three in cases of special merit. Ap- 
proved postgraduate experience fetches a 
higher starting salary. One promotion only, 
of which prospects are excellent, raises your 


BRITISH COLUMBIA RESEARCH 
COUNCII 
BIOLOGICAL ENGINEER 

The British Columbia Research Council invites 
applications for an appointment as a Biologica 
Engineer There are also vacancies in Applied 
Biology and Bacteriology Background training in 
Chemistry or Chemica! Engineering with some cx 
perience in biochemistry and bacteriology would 
be desirable for the position in Biological Engin- 
eering The work will include the study of water 
quality, the design of systems for the treatment of 
industrial wastes, and the preparation of technical 
reports The British Columbia Research Council 
is a non-profit applied research organization estab- 
lished at the University of British Columbia. The 
salary range for these positions is $6,500 to $8,500 
with the same pension and other benefits in effect 
at the University Those interested should write 
tor an illustrated brochure describing the activities 
and research facilities of the Council 

Applicants should submit full information re- 
garding training and experience to Dr. P. C 
Trussell, Head, Applied Biology Division, B.C 
Research Council, Vancouver 8, Canada 


maximum to £2,715. Reasonable proportion 
of still higher posts up to £3,865 all filled 
exclusively by promotions from entry grade. 


qualifications Age 21-36 and first- or second-class honours 


degree in physics, chemistry, engineering or 
mathematics, or an equivalent such as 
A.R.LC., A.Inst.P., or corporate membership 
of LC.E., I.Mech.E., or LE.E., or first- or 
second-class honours Diploma of Technology. 


conditions Location, London, five-day week. Annual 
leave 4} rising to 6 weeks. Posts are per- 


manent and pensionable (non-contributory). 


Write or telephone for further information, or for a visit to the 
Patent Office to see the work, entirely without obligation. The 
Superintending Examiner (B Staff), The Patent Office, 25 South- 
ampton Buildings, London, W.C.2. Telephone HOLBORN 8721. 
Ext. 324. 


McMASTER UNIVERSITY UNIVERSITY COLLEGE OF 
HAMILTON, ONTARIO NORTH STAFFORDSHIRE 
Applications are invited for Assistant and 
Associate Professor of Electrical Applications are invited {i he post of Lec- 
Candidates should be well qualified academically turer Assistant Lecturer in the Department of 
preferably to the doctorate level, and should have nYySICS Salary in the scale £1,050 by £50 to 
some research. design or teaching experience in | £!.400 by £75 to £1,850 per annum (Lecturer) 
ont systems. The duties include teaching at | £300 by £50 to £950 per annum (Assistant Lec 
indergraduate and graduate levels, organization | ‘t¢r). Some preference may be given to appli 
and direction of laboratory classes, conducting re- | C2%IS who have experience in the field of gas 
search and supervising research students Salary | discharge or solid state physics 
scales are open and competitive with those of A ications should reach the Registrar, The 
industrial and research establishments. Additional Colle Keele Staffs, from whom further par- 
stipends are offered to professors who remain on | tculars and application forms may be obtained, 
the campus for cleven months of the year and not later than February 28, 1961 


carry out research during this period , : 
Applications should be addressed to the Chair- THE DURHAM COLLEGES 
man, Department of Electrical Engineering, from 
xhom further information may be obtained in the | niversity of Durham 
Applications are invited for the post of Senior 
Research Assistant in Applied Physics. to join 


IMPERIAL COLLEGE OF SCIENCE | Research Assistant in Applied "Physics, to join 


AND TEC HNOLOGY luminescent materials and devices Candidates 
Immediate vacancy in Department of Chemical should preferably have had some postgraduate 
Engineering and Chemical Technology for gradu- | experience on these topics. The salary may be up 
ite with good honours degree in chemistry, | to £950 a year according to qualifications and ex 
physics, or chemical engineering to do Ph.D. | perience 
research on the explosibility of solid particle Applications (two copies), should be addressed 
suspensions. Salary £500 to £600 per annum to the Secretary, 38 North Bailey, Durham. before 
Applications to Dr. J. H. Burgoyne, Chemical | March 4, 1961. Testimonials should not be sent 
Engineering Department, Imperial College, Lon- | but applicants should give the name of a person 
don, S.\W.7 ito whom reference may be made 
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MONASH UNIVERSITY 
UNIVERSITY OF 
KING'S COLLEGE 


degree with special 


appointment and appii- 


£A.1,660 by £A.100 to £A.2 HO 


CENTRAL ELECTRICITY 
GENERATING BOARD 


SENIOR SCIENTIFIC 


(BACTERIOLOGY) 


successful candidate 


present position and salary. 
Appointments Officer, 


AND CENTRE 
NEUROSURGERY 


RESEARCH BIOCHEMI 


ind District Hospita 


February 18, 1961 


MONASH UNIVERSITY 
CLAYTON, VICTORIA, AUSTRALIA 
SENIOR TEACHING FELLOWS IN 

CHEMISTRY 


Apphcations a invited for appointment to the 
above-named posts Appointees should have had 
e a will be required 


of the ft wing 
and quadrupole 
oupling constants; theoretical chemistry (there 


will be tronic computers) 
physical ¢ eaction mechanism 
Studies tion and physico- 


chemical 


pounds 


Inorganic cum 
ultraviolet spectroscopy 


high reso nucicar magnetic and cleciron 
pin spec Suitable work 
ould id i PhD. Duties will in- 


supervision and, 


UNIVERSITY OF BRITISH 
COLUMBIA 


PHYSICS 

Applications are invited for appointments to the 
teaching and research aff as we is for post 
graduate wships ind) scholarships or the 
Session comir zg in September, 1961 There 
ar specifi vacancies at the Assistant Professor 
leve 1 Optical Spectroscopy Metcorology and 
Low Energy Theoretical Nuclear Physics Appli- 
at her ficlds p s will also be con- 


Further information and a f an illustrated 
brochure descriting the activi ind facilities of 
th Departr t t mained by writing to 
Gq M Shr Head Department f Physics 
rsity f British bia, Vancouver & 
BC Professor Shr xpects to b n London 


UNIVERSITY OF CANTERBURY 


CHRISTCHURCH, NEW ZEALAND 


ition ted for appoint t as 
S Lectur Mat aticS at salary t 
£1.°SO per annum, rising t ncerements to 
max 2.000 per mc ng 
salary “ t na la with alif at ns and 
exper The 


har f IBM 
put i t tag but 
will t 162 
p ed fares t Christchurch w be allowed for 
the apr t his w In addition 
removal expens t wed within 
fied 
I her part ! format ws to th 
method of apr at hould be btained from 
tt Secretary. Ass t Universit the 


DEPARTMENT OF PHYSICS 
UNIVERSITY OF WESTERN ONTARIO 


NDON, CANADA 
Applications re ted for the pos ns of 
Assistant Prolc ecturer Applicants 
| should possess the ree r equivalent 
Duties will ate and graduate 
teaching and resear lependent on ex 
| perience, $7,000 1 $*,500 nimum 


per annum 


GEOLOGISTS FOUR POSITIONS AVAIL- 


ach mineralogy, petrology 


re 
App 
Lectureshios ; (b) Histologist as semior technical The College will require from Easter, aes 
fficer in charge f technica! staff and facilities 1961, if possible (failing that, on October j exh 
he Departmen 1), an Assistant Lecturer in Geology 
The Interim Coun has recently appointed Candidates should have a good Honours t aa 
to the Chair of Anatomy Associate Professor interests in mineralogy 
G. C. Schofield of the University of Otan Salary scale: £800 by £50 per annum to ee 
whose Departm bes £950, plus London allowance of £60, family 
h planning of permanent edical sch 
ind, principally. in preparing courses of instru allowances, and F.S.S.U. benefits —— o ~ 
principally. in preparing courses of || Full conditions of 
Lecturer, £4.2.480 by £4,100 to £A.2.950; Le cation forms may be obtained from the | Sh ae 
sot tess than £A.1.790 per annum, with provision W.C.2. Completed forms must reach him |] Soe 
superannuation on the F.S.S.U. basis. Th by February 28 ide a 
tial salary in each ase «will be fixed having n some cases ecturing Ihe sa y rane is 
rard to a successful candidate's qualifications tA.1,400 ¢ tA.1,60 per annum Commencing 
and «experience General conditions of appoint- salary will be fixed according to qualifications BRS, 
nent Gncluding details of the provisions mad Further particulars are obtainable from the i 2 
for removal expenses, housing < may be had Po Registrar, Monash University, P.O. Box 92, Clay- me 2s 
from the Registrar of the Universit P.O. Box | n. Victoria, Australia r from the Secretary, ty 
Secretary Association of Universities of the | } monwealt %% Gordon Squar London, W.C.1 me 
British Commonwealth, 36 Gordon Square, Lon- | Inquiries hnical natur should be 
jon, W.C1 | ASSISTANT (MALE) addressed to Prot r R. D. Brown, Monash 
Roplications. in duplicate, and giving the in- | SS | University. Applications should be lodged with hee 
’ formation listed in the general cond ns of ap | | the Registrar the University not later than on 
siment. should t iged with the Registrar equired at the Biological Laboratory, « | March 31, 1961 Applicants resident side ie: 
‘ the Ulniversity n ater than March 31. 1961. | present located at Grove Road, St. John's Australia and New Zealand should also send a a 
An applica ft lent clsewher han in Australia | Wood, NW.8, but which will be trans py of their app tion t ne Secretary, Asso- : ae 
New Zeala should als end on py of | ferred to Leatherhead in mid-1961 ciation of Universities f the British Common- rag a 
his application to the Secretary, A.U.B«A 6 | | wealth nd 
Gordon Square, London, WC.1 The work consists principally of sampling —_—_—_—_—— —. 
ind culturing aquatic bacteria from marine 
GEOPHYSICIST | and fresh waters. 
years’ cuperict will be required to carry out laboratory 
Southern Africa. He must | work and to travel within England and 
physical tech h preferably hold the A.I.M.L.T.,. or 
mig and ofie'd pract is applied t ra B gone f a driving 
prospecting. He will initially be based in Johannes ; SS a: 
und t tray xter y This Ss a senior post | 22 t 0 Ln 
and its duties w wolve the plat g. organiza- | innum, plus London Aijilowance whils 
supery 1 of field work a 
, ; both ways payable if three years | London, E.C.1, by March 6. Envelopes By os 
& with | should be marked Confidential Re’. 
| N/407A4." 
Asplications sh he sent to The Personn | fr M iow 
[ ’ (Head Office). Anglo American Corpora- | | arrange personal interviews Inquiries should be 8 
t South Africa, Limited, Box 4587, Johanne | Kn | directed to B.C. House Lower Regent Street _ 
Sout \ | 
UNIVERSITY OF SOUTHAMPTON | 
UNIVERSITY OF SOUTHAMPTON | HOLI 
DEPARTMENT OF AERONAUTICS AND 
ASTRONAL TICS Hospital devoted to treatment of diseases of the | ies 
Applicatior nvited tor Research Feilow- | Mervous system requires a medically qualified bio 
t und A ta hips for the f wing research | Chemist graduat hemist with honours degree ea 
mm (a) Tur t 1 Jets and its rela- | a 1 expenen prot r enzym hemistry t ea 
(b) Th fect of noise n stru uct arch in sboration with the Patho 
‘ Cun t tie lamagt f struc- | logist into effects of disease on muscle structure ae 
Good honours degt r its equivalent in | metabolisn There is well juipped 
pt mathematics © metallurgy | laboratory available, and fa ties in ding sup 
tia xp rat r nowe a ysis 1 for a higher be available at th 
advantage I wships are normally ersity of Birmingham Department of Chem 
onty to persons with higher degrees and | istry. Salary: £1.250 to £1,700 per annum. Th 
ary will be mn the regiwr f £1,000 per | appointment for tw vear mn the first place 
é Salaries for Research Assistants are | The laboratory may be visited by arrangement ae 
: ance with qualificat ind experience with the Pathologist. Dr. A. L. Woolte f 
Applications (f pies dat birth, | App ation riving curriculum vitac and names 
a Ae { qualificat and experier nd th f two referees, should be sent to the Group Sec a 
hould, be sent to the | retary, West Bromwich Man 
ind Rew r, the t ersit South- | a nt Committee Edward = Street West | pris = 
ton, before March 18 aid London, W.C.1 Applications close. in New 
WAR OFFIC RADWAY GREEN.| WAR DEPARTMENT REQUIRES INDUS- | Zealand and London. on March 10. 1961 ae 
reat Meta gist to take hare¢ { | trial Chemists for Royal Ordnance 
fer Chief Metallurgist. Factory engaged (a) Renfrewshire, Carmarthenshire. Somersct. to 
ae ‘ sll arms ammunit snd an | assist in administration and technica! contro! of = 
teresting rane f t required in | manufactur icids, explosives, propellants, and 
sircraft al engineering New | ass ated development work. (b) Chorley, Lancs 
technia heing d ped x responsible for operation f highly instrumented 
forming troduct Work | continuous process plant Duties involve close 
at to manutactut ncluding tro variety hemical ene@inecring pr 
Nir drawin la pper alloy esses and a process laboratory Qualifications an 
ate » of jecp drawing and | British f British parents honours degree 
meat treatment of st netal forming | chemistry or chemical engineering, A.R.LC. oF | 
hniques and mact and surfa protectior A.M I.Chem.E r equivalent Salary: | 
‘ ts. Qualificatior experience, | 21) to £780 (age 25) to £1,220 according to ag | 
des hip | ¢ ditior Paid sick leave, generous holidays able to 
f Institution of Metallur Ex- | F la working week, 44 hours inclus | petrography, pa t y tural 
inder duties essentia il breaks. Opportunities to compete for estaly | g ¥, economic ge gv and geophysics. Good 
(awe 25) to £1,220 per annum. Op.- | lished posts. Good prospects of promotion ypportunities for researct Adequate salary 
sortunities for tat nent ma aris Forms | salary sca f £1,245 to £1,680.—Forms from | Two-year contract, renewable.—Inquiries, with siege 
¢ Ministry of Lat Technical and $S uf | Ministry f Labour Technica and Scientifi complete credenuals, to Escola de Geologia, Uni- ’ 
R ter (K). 26 King Street, Lond SW.l Register (K), 26 King Street, London, S.W.1 versidade 1s Bahia, Salvador. Bahia. Brazil. i 
eT 1A ting refer 1A Courses ir Portuguese. Spanish, English or French 
wir 
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UNIVERSITY COLLEGE 
IBADAN. NIGERIA 
are invited for (A) Senor Le 
Lectureship in) Department ot 
Salary scales (medically 
andidates) (A) £2,275 by £100 to £2,7 p 
nnum ; (B) £1,200 by £100 to £1,700 (bar) £1,801 
y £100 to £2,100 by ¢ £2,175 per annum 
(Non-medically qualified candidates): (A) #2,2 
by £7§ to £2,575 per annum: (B) £1,200 £7 
t £1.650 £1.725 by £75 to £2,175 per 
annum paid tor appointee. wife and 
ip to under years, On appoint 
ment seas and termination 
FSS. utfit allowances 
Part-furnished a 


fation at rent 
ing 7.7 per salary 
Detailed applications 
cterees, by March 27 
Comm 


ture 


qua 


bh £75 


(bar) 
Passages 
five children 
annual over 
Children’s 


mmo not exceed 


cent of 
(ten copies) 
1961, to Sc 


Overseas in 


naming 
retary 
Special 
Senate 
further p 


on Colleges 


of London 


m whom 


ttec 
University 


tained 


fr art 


UNIVERSITY OF WESTERN 
AUSTRALIA 
TURESHIP IN PHYSICS 


ed r api 
n The ¢ 
mmenced 


build > Ww 


WESTMINSTER HOSPITAI 
DEPARTMENT OF CLINICAI 
MEASUREMENT 
SENIOR TECHNICIAN 


Departmer with ap 


INSTITUTE OF ANIMAI 


PHYSIOLOGY 
BABRAHAM, CAMBRIDGI 
ssistant Experimental Office 
nvest t ‘ 1 sh pon 
exp 


Minin 


ames of two re 


inteen days 


NATURE Y REY 


fh 


CONSERN ANS 

Officer for t 
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it 
the 


x at 
Departments. I 
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rnment 
Natural History 
nd 


Gov 
admimistrat 


rves an 


full part 
experience Nation 


sd ther 


ne giving 


mterest a 


fied | 


NATURE 


UNIVERSITY OF ST. ANDREWS 

Applications are invited for the post of Lecturer 
nm Physical and/or Inorganic Chemistry in St 
Salvator’s College. St Andrews Salary scale 
£1,050 to £1,850, with an efficiency bar at £1,400 
Salary according to qualifications and 
P.S.S.U family allowance; grant 
furniture removal 

Six copies of applications, with the names of 
three referees, to be lodged by March 11, 1961 
with the Joint Clerk to the University Court 
| Colles Gat Andrews, from whom further 
| particulars may obtained 


| starting 
experience 
towards expenses 


St 
be 


UNIVERSITY OF ST. ANDRI 


Applications are nvited 

Assistant Biochemistry in 
Salary by 

jing t qualificati 
family ince 

furniture 


WSs 
ument a 

St 
£50 


ipp 
Salvat 


in 
scale 
accor ns and 
allow 


ren 


le 
Andrews 


htain 


THE 


RUBBER 


DISTILLERS COMPANY LIMITED 


TECHNOLOGIS1 


The Company has a vacancy for 
t+ Rubber Technologist in the Cen- 
tral Research Departm Pom 
Surrey The includes long 
erm) research development it 
he field of 


in 


nt at Eps 


Write 
STAFF MANAGER 
DISTILLERS COMPANY LIMITED 
21/22 BOLTON STREFT 
ONDON, W.1. 


THE 


I 


Quote Ref. 8 /61.N. 


UNIVERSITY OF 
GHANA 
are invited 
Assistant Lectureship 
given to candidates 
Inorganic Chemistry 
view) (a) +G.1,000 by £6.50 
tG.7S to £G.1,800 £G.1,850 per an 
tG.900; £G.950 per annum. Entry point 
nz to qualifications experience 
Outfit, family wances 
appoint and ppointment 
norma ermit n rt-furnished ac 


Sm ent 


Applicat for 
in 
who 
Salary 


ns (a) Lectureship 
Chemistry Py 
have alized 
scales (under 
to £G.1,350 


ib) 


ence sp 


um 


ee leave 


Detailed 
f t farch 20, 1961, tar 
livers High Educati 
Wot d weil 


rther part lars may r t 
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ty € 
from wh 
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ter 


in 
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(h) 
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Passages for 
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ymmoda- 


three 
ry, Inter 
m Overscas 


ym 


BRADFORD INSTITUTE OF 
TECHNOLOGY 


are Wited f 


lectronic comp 
Assistant will w unde 
ider in Applied Mathematics 
with the Burnham Te 
ts Grade A (£52 


rk th 
hn 
+1.000 
Wances? 
appl 

ir (Departm« 
Bradford 
PATTEN 
G ror 


HENRY 
Clerk to the 


UNIVERSITY COLLEGE 


WALES 
ABERYSTWYTH 
DEPARTMENT OF PHYSICS 
Applicat are invited for the p 
Assistant 


Lecturer in E 


Ot 


Dey 


app: 
March 1 


NIGERIAN COLLEGI 


SCIENCE AND 
ZA 


OF ARTS 
TECHNOLOGY 


RIA BRANCH 
J for the ¢ 


4 mvite 


UNIVERSITY OF 
ADERSHIP INORGANIC 
AT QUEEN MARY CO 
Sena nvite pp i n 


LONDON 


LLEGI 


for the Read 


CHEMISTRY 


LOUGHBOROUGH COLLEGI 
TFCHNOLOGY 
LEICESTERSHIRE 


i invited the 


f Digital ¢ 


AGED 
t He 


PREFER 


SCIENCI 
4 ad { Med 


GRADUATE 
t cand 


d Ma 
tamins Group. Upper Mal nd We 


TECHNICIAN (FEMAIL REQUIRED 
w. expanding Phy 1 Work 
ymcerned chic liagnosis and treatmer 


Comme 


yboratory “ 

ncing sa 
n ine ar 
particula 

Road Hospita 


ingham 


FOR 


wy 


BRARIAN \ LIBR 


LI 
r th Duncan |} Khar 


ARIAN 
t Resear 


IS REQUIRED 
h Laborator 


NIVERSITY COLLEGE 
res 


LONDON ( 


Lecturer 


hol 
rol 


Me 
gee 
Pod 
= 
hree 
Senate 
tiot louse, | | towards ex- | LEE 
| three referees, to b by March 4. 1961 
| th the Jom: ¢ ‘ wy ty Applica R rch Assist 
ee | College Gate, St . from whom mh ant in the Department of Mathematics. Cand i 
| Particulars may be tes should have a good honours deeres 
ie eae | 1D ma in Technology or Mathematics An 
| interest in research in any of the fields of applied 
1 new t partment ot 3 
Physics ¢ anticipated | he 
! middle 1962 Ihe salary range for the | 
sosition is £A.1.750 by to £4.2.350 
annum with superannuation similar to F.SS.t | t 
I appointe “ t required to commence | | Further part 
4 { r p In be obtained t 
as ifly as pos j ay 
It is important that imending applicants tin F), Bradford Ins 
fetails of the procedure to be followed in app 
ART ng for the post and a copy of the Conditions ot | i 
App ument before subm ng their app 1 ns | 
Association of Universities of the British Con rubber technology or of labora- | 
ta Ser nonwealth, 36 Gordon Square, London, W.C.1 ry work in the rubber industry | ny) 
Applications clos n Australia and London | They should hold a degree ir 
March 31. 1961 (Chemistry, a qualification of the Ir 
stitution of the Rubber Industry, or Lecturer 
an equivalent qualification os Mar! 
The Company perates a non- ment Phy 
contributory pension scheme | Further particulars and forms of applicat 
| | tained from the Registrar, to wh 
| tions should be sent not later than 
tions should sen ater than 
cmistry al practice and || | 
res Senior Tech in Applicants to be | | 
1 1.M.L.T. Physics or Cardi il grad rt | | RE 
ne to qualifications and experience, im scale £710 | 
ts70 per annum, plus Lond weighting | ship in I tena at Queen 
ae eo Apply, naming two referees, to Sccretary, West- | | Mary College (salary scale. £1,675 to £1,975 & a 
aster Children’s Hospital, Vincent Square. | en! | £2,425 year, £80 London allowan 
4 
App at n r > must be r ve not 4 
tr niver f London at 1 
| R r, University of London, Senate Hous 
irom whom irnther particulars ma t Cane 
| Arr st of Lectur 
eos hemistr evel, and research exper Appointment wil! | Resear te will 
tw tours the first instar ( ract | assemb data ts, prepare 
essentia G.C_E. in fiv | leal 
salar t 1 1.760 Fotry p ta rd t and deal with inquir m relevant s 
4 cl. or equivalent Salary according to au Ws and exp ien Gratuity | t 
yum for overseas apn ces fur h 
rant up to £150 per ; nd pass 
i rvation WOrk | normally taken in USINZ 
in Je acquiring Eure? ip to £495 per annun 
ra and fauna rmatio tainat rom t qualifications ‘experience 
a Overseas ( ‘ 12 Lincolr Inn | {s 
topograph nd of the area ir VC? + rom Hosp.tal Secretary, I 
cont 12 tions, experience and the na — — 
ang thr ret Should be submitted before Marct 
val Authoritic Un 
1961 
tine with scientif and write . 
research A knowledge the chemical literature 
staff management f Nature | Of ‘ te w preferred 
oe Pont based of | 
R | her 1 N | | Apply, stating age, qual ations and details 
wich considerable tray ne Canc ome pr xperience, to Dunca Flockhart and 
fates should ha zood Ltd.. Wheatficid Road, Edinburgh 11, mark 
hotan or other appropriat ’ Apr Post of Assist lett I 
with post jJuate experience tq ant to the Direct omputer Operation 
Bee 654, according to qualifications and experience ligita mputer work and preferably should hold | Str t de- ; ye 
Sur quatior SSI raduat qualifications Salary on a bas cal party t Dut 
eee. Applicat lars of age. | £700 to 4 0 per annum. with ad ul | October 1, 1961. Salary range £500 to £950. plus i 
aa a OY A» = evant information. | ing point on this salary scale will be fixed rd- | tion and family allowar Applicants should a 
with names and addr s of tw referees for | to qualifications and pre experier | ha specia terest in experimental psych 
bility and personality, to The Nature Con-| Forms tf apr at ands furth part ars | Applicatior to be 1 by March 18. ! 
7 servancy (F), 19 Belgrave Square, London, S.\W.1, | may be obtained from the Academic Registrar, | should be sent to the Secretary, from whor rther » Pee 
ee ae ' February 728. 1961 (In reply please te ref. 2/ AF) | particulars may be obtained ees 
= 
bi 
| 
erie 
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and ex 
C.A.V 
Ww.3, 


Principal Research 


An experienced mathemat 


computers im 


rest nm 


Replies 


Officer 
Mathematics 


ian is required 

‘ttake overall responsibility tor mathe 
and computational methods in a 

ind clectrical enginecring Company 


involves leadership of a section with- 
Research Department with established 
f research in combustion mathematics 

tion hydraulics and the 
clectrical machine design 
computer programmers 


system use 


tion includes 
de interest in so 


must be allied 
mmbustion 


ving problems of all 
with a tundamental 


mathematics 


giving resume of qualifications 
perience, to Staff Employment Officer 

Limited, Warple Way, London 
quoting Ref. C 


UNIV 


ERSITY OF MANCHESTER 


Applications are invited for the following posts 


w vacant 


acu 
Jate 
tt 
nt 


spe 


ho 


ry one 


ary ra 
annum 
exp 


of F.S.S.l 


! 


in the Department of Chemistry in 
ty of Science: (a) Lecturer in Chemistry 
s should have special! interest in statistica! 
namics and be willing to teach this sub 
urd year and postgraduate students. (b) 
Lecturer in Chemistry ; candidates should 
al interest in some branch of physical 
(c) Senior Research Assistant: candi- 
uld have experience in polymer science, 
ing to st Professor Gee in the super- 
students carrying out research on the 
chemistry of polymers the post is a 
financed by a grant from D.S.LR 
mung cxpansion of the department 
pportunities of permanent posts 
(a) and (c), £1,050 to £1,850 per 
nitial salary according to qualifications 
rience (b>) £800 to £950 per annum 
commence soon as possible Mem- 
Children’s Allowance 


as 


good 
nges 


as 


and 


later than March 
the University, Man- 
further particulars and 


tions should be sent not 
to the Registrar 
3 from whom 


application may be obtained 


UN 
INSTI 


Ther 


IVERSITY OF LONDON 
TUTE OF LARYNGOLOGY AND 
OTOLOGY 
332 Gray's Inn Road, 
a vacancy for a Senior Te 


hnician with 


experience in histological techniques in the De- 


partment 
Inst tute 
hem 

at 


stiom, with two referees 


imistr 
at 


to 


Bacteriology of the 
iecluding 
to 


Pathology and 
with research projects 
Salary and grade according 
and experience 


assist 
stry 
to the Secretary- 
ator within seven days of the appearance 
Ivertisement 


MIDDLESEX COUNTY COUNCII 
EDUCATION DEPARTMENT 


Laboratory 


Techn 


n: (a) Ad 


n special 
hromato 
hemistry 
ce 
cerned w 
materials 
ndustry 

Metallure 
indidate 


Certificate in metallurgy or equivalent 


Salary 
London 


tons 


Application 
returnable by March 3 


sddress 


Assistants required at Brune! College 
logy. Woodlands Avenue, Acton, W.}, 
anced Chemistry Laboratories. Interest 
st ficlds such as lipids chemistry or gas 
advantage O.N.C. standard in 

r previous experience in Technical Col 
ndustry essential. (b) Laboratories con 
ith Chemistry and Technology of plastics 

Experience in Technical College of 
particularly in plastics desirable (c 
ical Laboratories Preference given to 
s with appropriate experience or National 
All posts 
£555 w £625 plus 


Prescribed condi- 


graphy 


it 
to £40 


Miscellaneous 
weighting up 


Principal above 
(Quote FS30N) 


forms from 


NATURE 


BRADFORD INSTITUTE OF 
FECHNOLOGY 
DEPARTMENT OF BIOLOGICAL SCIENCES 
Applications are invited for the post of Senior 
Lecturer in Microbiology. Candidates should be 
qualified to teach microbiology to final degree and 
Diploma in Technology standard. Salary scale, in 
accordance with the Burnham Technical Award 
namely, £1,550 to £1,750 per annum. The suc- 
cessful candidate will be encouraged to develop 
industrial contacts and to undertake research for 
which adequate fac es are available Previous 
industrial and research experience, at a suitable 
evel, will be taken into account in fixing the 

commencing salary 
Further particulars and forms of application 
may be obtained from the Registrar (Department 
F), Bradford Institute of Technology, Bradford 7. 
HENRY PATTEN, 
Clerk to the Governors 


STATES OF GUERNSEY 
HORTICULTURAL ADVISORY 
SERVICE 
VACANCY FOR EXPERIMENTAL OFFICER 

vacancy exists for an Officer who will be in 
> of experiments on the Horticultural Experi- 
Station which is to be established in 
ernsey Applicants for this post should be 
nder 3) years of age, interested in experimental 
work, preferably have a knowledge of statistics, 
ind possess a degree in horticulture or a bio- 
ogical science or equivalent qualification Final 
year students may apply Opportunities for ob- 
taining further expericnce will be provided for 
the successful candidate. The commencing salary 
will be according to age and qualifications 
Applications, giving details of qualifications, ex- 
perience, relevant personal data, and naming three 
referees, should be forwarded to the President, 
States Board of Administration, States Office, P.O 
Box No. 43, Guernsey, not later than March 
1961 Further particulars can be obtained from 
the same address 


February 18, 1961 


Senior Post for 
PLANT PATHOLOGIST 
available in 


AN FORAS TALUNTAIS (The Agricul- 
tural Institute) for research work in its Plant 
Science and Crop Husbandry Division 
Entry at level up to and including Principal 
Research Officer grade depending on qualifi- 
cauons and experience Superannuation 
Scheme. ESSENTIAL: Honours degree in 
Agriculture, Horticulture or Science (includ- 
ng Botany) Experience in Virology an 
advantage 


Further particulars and application forms 
from Director, An Foras Talintais, 33 
Merrion Road, Dublin. Latest date for 
receipt of completed forms, March 16, 1961 


NEW COLLEGE 

OXFORD 
FELLOWSHIP IN MATHEMATICS 
College proposes to elect to an Official 
in Mathematics, the duties of which 
October, 1961 The choice of the 
not necessarily be confined to those 


OFFICIAL 
The 
cllowship 
ll begin in 
wil 
ho apply 
Further 
Warden 
cived not Il, 


UNIVERSITY OF MANCHESTER 

Applications are invited for the post of Experi- 
mental Officer in the Department of Chemistry in 
t Faculty of Science Candidates should pre 
bly have experience of quantitative work on the 
physical Properties ot polymers ; minimum 
academic qualification is the Higher National Cer 
tificate the person appointed would be required 
to assist in research work in polymer science, 
especially in connection with polymer characteriza- 

yn The post is at present temporary, but it is 
hoped that a permancnt appointment will be avail- 
able later Salary range: £700 to £1,000 per 
annum initial salary according to qualifications 
and experience, and a lower starting salary could 
be offered if the selected candidate had no pre- 
vious experience Duties to commence as soon as 
possible 

Applications should sent not later than 
March 7, 1961, to the Registrar. the University. 
Manchester 13, from whom further particulars and 
of application may be obtainc 
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SENIOR TECHNICIAN APPLICATIONS 
are invited for this position in the Biochemistry 
Section of a newly-establiihed research organiza- 
tion. Some experience in synthetic organic chem- 
istry is essential Excellent conditions, oppor- 
tunity for collaboration in original research, con- 
tributory pension scheme. Salary commensurate 
with qualifications and experience Apply to the 
Secretary, Twyford Laboratories Ltd.. Twyford 
Abbey Road, London, N.W.10 


HORTICULTURAL RESEARCH ASSISTANT 
required for practical development of new insecti- 
cides and fungicides on field scale, mainly on fruit 
Deeree in applied botany (plant pathology) or 
entomology essential, prefer bly with horticultural 
bias and postgraduate .cnce. Knowledge of 
fruit growing a distinct ad’ ntage. Salary accord- 
ine to age and experience —Write, giving full de- 
tails, to Personnel Officer, The Murphy Chemical 
Co. Lid., Wheathampstead, St. Albans, Herts 


UNIVERSITY COLLEGE 
CORK 
PROFESSORSHIP OF DAIRY AND FOOD 
MICROBIOLOGY 

The Governing Body invites applications for the 
vacant and pensionable Professorship of Dairy and 
Food Microbiology Salary £1.800 by £72 to 
£2.160 plus children’s ywances The pension 
scheme is non-contribut 

Particulars may be 
Applications will be 
Saturday. April 15 


undersigned 
12 noon on 
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JAMES HURLEY 
Secretary 


INSTITUTE OF 


OPHTHALMOLOGY 
(UNIVERSITY OF LONDON) 
JUDD STREET, 

Vacancies exist for Laboratory Technicians in 
Research Department for work Physiological 
Research of the Eye 

Further particulars from and applicat 
names of two referees, to Secretary 
address 


A LADY OVER 25 IS REQUIRED TO RUN 
Company's library, which forms part of the 
Technical Information Department and covers a 
wide range of electronic and enginecring subjects 
She will be responsible for accessioning classifica- 
tion by U.D.C. and cataloguing and should have 
reached A.L.A. standard in these subjects. Typing 
s an Please send details of education and 
xpericnce to the Personnel Manager, the Plessey 
Company Limited, Vicarage Lane, Ilford, Essex 


FOR SALE AND WANTED 


BACKNUMBERS AND 
volumes of Nature wanted Also learned and 
scientific journals, transactions of most kinds 
Further: Notes and Queries, the Annual Register 
Quarterly Review, Palmer's and/or the Official 
Index to the Times. British National Bibliography, 
Enelish Catalogue of Books, Journal Royal Philo- 
cophical Society, Royal Statistical Society, etc.— 
H Pordes, 138 New Cavendish Street, London, 
W.1. MUSeum 5250 


LECTURES AND COURSES 


UNIVERSITY OF LEEDS 
ADVANCED COURSE IN ULTRA HIGH 
PRESSURE CHEMISTRY 
(with applications to Geochemistry) 
Applications are invited from graduates in 
chemistry, physics and mineralogy for admission 
to this two year course, starting in October, 1961, 
under the direction of Dr. R. S. Bradley. The 
D.S.LR. has accepted this course as suitable for 
the tenure of its Advanced Course Studentships 
Suitably qualified applicants will be given oppor- 

tunities to work for higher degrees 

Applications and inquiries should be addressed 
to Dr. R. S. Bradley, Department of Inorganic 
and Structural Chemistry, The University, 
Leeds, 2 
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ALMOST ANY 


IMPERIAL COLLEGE 
LONDON, S.W.7 

A course of postgraduate lectures on ** Oxida- 
tion in Gas-Liquid Systems" arranged by Dr. 
C. F. Cullis will be given in the Department of 
Chemical Engineering during the week commenc- 
ing Monday, March 20, 1961 

Details from the Registrar 


| 
| 
a 
| 
| 
| 
|| | | 
in 
are 
no 
the I 
cand 
ther | 
t 
Assist 
have 
hem 
latcs 
and bh 
vision 
tempor 
but th 4 
——- 
bership 
Scheme 
Applic 
1961 
vester 1 
forms 
— 
|| 
aint 
4 
- 
™ 
— 
| 


February 18, 1961 


WOOLWICH POLYTECHNIC 
MATHEMATICS DEPARTMENT 


A course of six lectures on Simple Code 
Programming for the 


STANTEC-ZEBRA COMPUTER 


will be held on Thursdays from 7 to 9 p.m 
commencing on March 2. This will include 
practical work on the computer installed in 
Department and is intended for indus- 
users and other interested 


the 
trial 


Applications to the Head of Mathematics 


Department. (Fee 10s.) 


UNIVERSITY OF BIRMINGHAM 
FACULTY OF COMMERCE AND SOCIAL 
SCIENCE 
NOTICE TO GRADUATES AND THOSE 
ABOUT TO GRADUATE IN ARTS AND 
SCIENCE 
The Faculty offers a one year course (leading 
to the Graduates’ Commerce Diploma) for gradu- 
ates wishing to prepare for a career in manage- 

ment. 

Applications for admission to the course start- 
ing in October, 1961, and requests for further 
information, should be made as soon as possible 
to the Assistant Registrar (Commerce and Social 
Science), University of Birmingham, Birmingham, 
1s 

The Department of Scientific and Industrial Re- 
search has accepted this course as suitable, in the 
case of candidates with honours degrees in Science. 
for the tenure of its Advanced Course Student- 
ships, and financial support will also be availabie 
for suitable graduates in Arts and Law 


UNIVERSITY OF LEEDS 
ADVANCED COURSES IN X-RAY 
CRYSTALLOGRAPHY 
Applications are invited from graduates in 
chemistry and physics for admission to this two- 
year ceurse, starting in October, 196! The 
D.S1.R. has accepted the course as suitable for 
the tenure of its Advanced Course Studentships 
Suitably qualified applicants will be given oppor- 

tunities to work for higher degrees. 

Applications and inquiries should be addressed 
to Dr. M. R. Truter, Department of Inorganic 
and Structural Chemistry, The University, 


Leeds, 2 


LANCHESTER COLLEGE OF 
TECHNOLOGY 
COVENTRY 
COURSE ON DEVELOPMENTS IN 
ORGANO-METALLIC CHEMISTRY 
4A short course will be held on Thursday 
and Friday, March 16 and 17, 1961 The 
lecturers will include Dr. J. Chate (.C.1. Ltd, 
Welwyn), Dr. W Cooper (Dunlop Research 
Centre), Dr. G. Preeman (1.C.1, Ltd., Nobel 
Division), Dr. W. Gerrard (Northern Polytechnic) 
and Dr. E. S. Hedges (Tin Research Institute) 
Course fee £1 2s Further details and appli- 
cation forms from the Head of the Chemistry 
Department 


NATURE 


UNIVERSITY OF EDINBURGH 
POSTGRADUATE COURSE IN BIOPHYSICS 
Applications are invited from honours graduates 
in science and graduates in medicine, for the 
above one-year course which starts on October I, 
1961 Successful completion of the course leads 
to a Diploma in Biophysics. Lectures and practi- 
cal classes will be given on biophysics and bio- 
physical chemistry, on selected topics in animal 
and plant physiology and biochemistry, and on 
radiation physics and radiobiology The course 
is intended to give as muuch as possible of the 
necessary background knowledge required for sub- 
sequent research in biophysics, radiation physics or 
radiobiology leading to a Ph.D. The D.S.LR 
has accepted this course as suitable for the tenure 
of its Advanced Course Studentships 
Applications for further information and for 
registration should be made to Dr. J. Dainty, Bio- 
physics Department, University of Edinburgh, 
West Mains Road, Edinburgh, 9. 
CHARLES H. STEWART, 
Secretary to the University. 


TRADE ANNOUNCEMENTS 


SILICA CONES AND SOCKETS. VITREO 
sil silica tubing, polished silica discs and glazed 
sheet always in stock —Custom built silica / quartz 
apparatus from Jencons, The Silica Centre, Mark 
Road, Heme! Hempstead, Hertfordshire. Boxmoor 
4641 


BRIGHT’S REMOTE COLD CONTROLLED 
Microtome (cryostat) custom built for producing 
frozen sections for rapid diagnostic biopsies.— 
Full information on request to Bright's Refrigera- 
tor Service Ltd., 399 Portobello Road, London, 
W.10. LADbroke 4153. 


GRANTS & SCHOLARSHIPS 
NATO GRANTS 


for participation in the 
CANADIAN THEORETICAL PHYSICS 
SEMINAR 


Two grants of value $750 (£268) each are being 
offered by the North Atlantic Treaty Organization 
on a competitive basis to students of theoretical 
physics from NATO countries to attend the 
Second Quadrennial Theoretical Physics Seminar 
of the Canadian Association of Physicists to be 
held August 13 to September 9 at the University 
of Montreal. The seminar features lecture series 
by outstanding theoretical physicists as wel! as 
nformal discussion on physics 

For further information and application forms 
write Dr. D. D. Betts, Department of Physics 
University of Alberta, Edmonton, Canada. Dead- 
line for applications is Apri! 15 


ROYAL DUTCH SHELL 
STUDENTSHIP IN GEOPHYSICS 
Open to honours graduates in geology (with 
mathematics and/or physics at ancillary level), or 
physics, for two-year course in Geophysical Pros- 
pecting applied to the search for oi] commencing 
October, 1961 Value £600 per annum out of 
which fees of £64 per annum and field work 

expenses must be paid 

Further particulars, and application forms which 
must be returned before May 15, 1961, obtain- 
able from Registrar, Imperial College, London 
S.W.7 


CCXXXV 


UNIVERSITY OF CAMBRIDGE 
ESSO STUDENTSHIP IN CHEMICAI 
ENGINEERING 
The Managers of the Esso Fund 
cations for an Studentship Applicants 
mu persons resident in Great Britain or 
Northe Ireland, and should hold or expect 
a University degree with high honours 
hemical engineering or in some other branch 
enginecring or in pure science The Student 
p will be tenable for two years from October 
1, 1961 The Managers may renew a Student- 
ship for a further tenure not exceeding one 
year It will be the duty of the student to 
devote himself to full-time study and training for 
research in chemical engincering The value of 
the Studentship will be £400 a year plus fees 
Application forms may be obtained from the 
Secretary, Department of Chemical Engineering, 
Pembroke Street, Cambridge, and should be 
mpleted and returned by May 1, 1961. 


THE ROYAL SOCIETY 
GOVERNMENT GRANT FOR SCIENTIFIC 
INVESTIGATIONS 

Applications for grants from the first allotment 
of the Government Grant for Scientific Investiga 
tions for the year 1961, should be made as soon as 
possible on forms of application to be obtained 
from tke Assistant Secretary of the Royal Society 
Burlington House, London, W.1!. No application 
can be considered which is received later than 
March 31, 1961 

Applicants must be of British nationality, resi 
dent in Great Britain or Northern Ireland. Grants 
may be made for purposes in connexion with the 
Promotion and support of research in pure science 
other than for personal maintenance or payments 
f stipends ; for the assistance of scientific expedi- 
tions and collections ; but not in aid of scientific 
publications 


THE SYSTEMATICS ASSOCIATION 
RESEARCH GRANT 

A erant of £50 (fifty pounds) is available to 
encourage taxonomic research in Botany, Zoology 
or Palaeontology Direct applications are invited 
from matriculated students of Universities in the 
United Kingdom. The grant is intended as an aid 
to graduates or undergraduates who have already 
decided on a project but are without sufficient 
funds to carry it out It may be used for 
travelling and/or subsistence allowance in con- 
junction with other grants. Council favour a wide 
interpretation of the use which can be made of 
the grant as long as it is directed towards taxo- 
nomic research 

Applications, with the names of two referees 
should be sent by May 31, 1961, to Mr. Ww 
Execl!, Chairman, Systematics Association, 
Museum (Natural History), London, S.W.7 


UNIVERSITY OF WESTERN 


ONTARIO 
LONDON, CANADA 
DEPARTMENT OF CHEMISTRY 

Demonstratorships, Research Assistantships, 
Scholarships, Fellowships, Bursaries, and Student- 
ships, of value up to $2,800, are available for 
students working for the Ph.D. dearee.  Post- 
doctoral awards are available from $4,700. Ex- 

cellent research facilities are on hand 
Inquiries, giving major field of interest, should 
be addressed to Professor F. L. M. Pattison, Head 
Department of Chemistry, University of Western 

Ontario, London, Ontario, Canada 
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*“GURR’S” 


and refuse any other. 


is the Registered Trade Mark of 
GEORGE T. GURR LTD. 


Since 1915 **GURR’S” brand of MICROSCOPICAL STAINS and 
Reagents has become world-famous. 
If you want this world-famous brand specify **‘GURR’S” 


Ask for catalogues 
GEORGE T. GURR LTD. 
136-138 NEW KINGS ROAD, LONDON, S.W.6 


Opposite Gray's Inn Road. 


INSTRUMENTS for 


Secondhand Microscopes 


We buy, sell or take in exchange 


Clarkson’s 3 High Holborn, W.C.1. 


ESTABLISHED OVER A CENTURY 


"Phone: HOLborn 2149 


Hink 


and Textbooks. 


Scientific Circulations 
We have extensive stocks of Technical Journals, Periodicals 
Special terms for Technical and Commercial 
Libraries. All Scientific and Technical publications purchased. 


111, Eastbourne Mews, London, W.2 


Telephone: AMBassador 6934 


BACK 


Ltd. 


ISSUES OF JOURNALS IN 
SCIENCE & THE HUMANITIES 


ALWAYS REQUIRED Br! 
Wwe. DAWSON 4 SONS, LTD., 
Back Issues DEPT., 
16 WesrT STREET, 
FARNHAM, SuRREY, ENGLAND. 
TEL: FARNHAM 4664 CABLES: DAWBOOKS. FARNHAM 
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to answer all their heating 
problems safely and accurately. Do ask 
for latest catalogue. 


Isomantle used at Laporte Titanium, Grimsby 


ISOPAD LTD., BARNET BY-PASS, BOREHAM WOOD, 
HERTS, Telephone : ELStree 2817/9, 3602 
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Incidental Information 


Simplified milk phosphatase test 
p-Nitrophenylphosphoric acid, disodium salt (/i-sodium p-nitrophenyl 
phosphate) is used as a substrate in the milk phosphatase test of 
Aschaffenburg and Mullen now gaining in popularity and recognition 
because of its simplicity and speed. (See J. Dairy Res., 16, 58 (1949), 
and Dairy Ind., 18, 316 (1953)). 
We make the reagent and can supply from stock. A suitable 
Lovibond Comparator for this test is obtainable from Baird & 
Tatlock (London) Ltd. 


Karl Fischer catalyst 
This well known method for the determination of water is 
widened in scope and increased in precision by the use of Karl 
Fischer Catalyst (N-cthylpiperidine)}—available with instruc- 
tions from Hopkin & Williams Ltd. Please write for tn- 
struction leaflet. 


Uranium by spectrophotometry 
Our 1-(2-pyridylazo)-2-naphthol (PAN for short), already known 
as a metal indicator for complexometric titrations, (H. Flaschka 
and H. Abdine, Mikrochim. Acta, 770 (1956); Anal. Abs., 4, 794 
(1957)) is now described as a spectrophotometric reagent of high 
specificity for uranium (H. Shibata, Ana/. Chim. Acta, 22,479 (1960)). 


Sensitive reagent for Calcium 

We also make di-(o-hydroxyphenylimino) ethane (glyoxal-bis-(2- 
hydroxy anil)), a specific colour reagent for microgram quantities of 

calcium in solution. 
In the solid state calcium oxide can be detected in mixtures of mag- 
nesium, strontium and barium oxides. (D. Goldstein and C. Stark- 
Meyers, Anal. Chim. Acta, 19, 437 (1958)). Its use as a complexometric 
indicator is described by Goldstein in Ana/. Chim. Acta, 21, 339 (1959). 


The above are further examples of the great range 
of up-to-date reagents made available 
by Hopkin & Williams Ltd. 


| FINE CHEMICALS 


& 
H«W for research, analysis and industry 
HOPKIN & WILLIAMS LTD., CHADWELL HEATH, ESSEX, ENGLAND 


Branches: London, Manchester, Glasgow Agents throughout U.K. and all over the world 
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TORBAL 


B.T.L. announce their appointment as sole U.K. 
agents for Torbal Balances, made by The Torsion 
Balance Co., Clifton, U.S.A. The torsion principle 
means quick, accurate weighing with direct reading, 
simply by adjusting a dial. 

Torbal balances fill the gap between simple and 
analytical balances. Exceptionally robust, they may 
be used in laboratory or works and can be moved 
about like no other balance, without loss of accuracy. 
The complete range includes model DLTS, capacity 
§00g., accuracy §0 mg., price £61.10.0; and model 
DLT2, capacity 120g.,accuracy § mg., price £67.10.0. 


We are now demonstrating this remarkable 
American range of torsion balances all over 
the country. Write now for a demonstration 
on your bench. 


complete 
laboratory 
service 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 


Branches in London, Manchaster and Glasgow. 


Agents throughout U.K. and all over the world 


TAS/BT 78 


Printed in Great Britain by FIsHER, KNIGHT & ‘Co , Ltp., The Gainsborough Press, St Albans, and published by ‘MACMILLAN & Co., LimiteD, ; 
at St. Martin's Street, London, W.C.2, and St. Martin's Press, Inc., 175 Fifth Avenue, New York 10, N.Y., U.S.A.—Saturday, February 18, 1961. 
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